ad 


for th 


A’ Monthly Publication 
dealing 

of A 


the Journal of the Society _ 


Chemistry 


! 


JOURN 


i 

HL J. G. Sherratt 


Ellis OBE. W. Johnson, L. S. Theobald 
.Garratt . M. Jones T.S.West 


j.1 
Hamence- Laws Ww. Wilson 
and the President. and Honorary none 
President of the Society: R. Cc Chirnside 


119? 


Hon. Secretary of the Society: Hon, Treasurer of the 
Assistant Secretaries of the Society: 
Brealey; * A. Price 


te 
Attrill, M.A. FRC. 


RAVE SQUARE, LONDON, 


Telephone: BELgravia 3258 Le > 


Assistant Editor: 
P Ww. Shallis 


NOTICE 


(Other than Members of the Society) 


All subscriptions to The Analyst, ‘including Analytical Abstracts, 
should be sent t through a Bookseller or direct ~ 


HEFFER & & SONS (LTD., CAMBRIDGE, ENGLAND 


a 
“Subscriptions to The with ‘Analytical on one 
side of the index), « can be accepted at 15s. annum. 


a eosiiaied to The Analyst, together with Analytical Abstracts p printed « on on 


of the paper (with Index), can be — at t £9 aaa per annu 


Reco, inclusive of Analytical Abstracts and Indewes, £8 8s. per annum, 


| 


4 


oF THE SOCIETY FOR ANALYTICAL ia 
iz. 
ss 
“AT | 
they 
OS 
Bets 
1 
t 
1 
4 
| 


_ Jun 10R MEMBERS 


‘THE ANALYST 


Just as our June issue was being printed, a dispute i in the printing industry came to a head, 
and the presses all over the country were—more or less—stilled. We apologise to our readers for 
this hiatus in publication, and to the authors whose papers have been delayed in consequence. 
_ Although the greater part of the June Analyst and Analytical Abstracts had been printed . 


before the stoppage, their completion and dispatch were necessarily delayed. _ Nor was it 


possible for our apologies to be added at that late stage. ie 
i. Our printers have always been particularly conscious of their responsibilities in piesing bs 


the July, issue—the first to appear after the settlement of the dispute. We know, too, that 4 
= will make make up for lost time, we to our normal 


ail NEW MEMBERS 


ORDINARY 


=" 

Dunstan Akintonwa, M.I. T.; Adolf. David K Kjell B. Se. (Gothen- 
burg); Carl Olof Bjérling, M.S. (Uppsala), B.S. (Stockholm) ; Stanley Gordon Coton, B.Sc. ‘. . 
(Birm.); Richard Cox, A.R.L.C.; Geoffrey Noel Davies; Frank Oxtoby Firth, A.R.LC.; 
Theodore W. Gilbert, jun., B. S. (M. L.T.), Ph.D. (Minnesota) ; Daniel Richard Goddard, B. Sc., 
Ph.D. (Lond.); Daniel Ceiriog Jenkins, M.Sc. (Lond.), D.I.C., F.R.I.C.; Ronald Edward King, 7 
A.R.I.C.; Bernard L. Oser, M.S. (Pennsylvania), Ph.D. (Fordham) ; Geoffrey Howard Pickerell, 
B.Sc. (Sheff) ; Vladimir Charles Sekera, M.S. (Illinois), Antony Colin Thomas; Geoffrey Topp, 7 
B.Sc. ae Joseph Edward Patrick Treadwell, III; John Vernon Wilkinson, B.Sc. aes) = 


Joh 


n Metcalfe, B.Sc. (Leeds) ; Ramesh ‘Nagaratnam Stuer B.Sc. (Bombay), M. Se. (Lond. a.) mn 


AN Ordinary Meeting of the Section was held at 7.15 p.m. on RPE April 15th, 1959, 
ae the a Hotel, Glasgow, C.l. The Chair was taken by the Vice-Chairman of the 
The following papers were presented and ‘The Analytical Chemistry of 
of the Lower Phosphorus Oxyacids,” by D. S. Payne, B.Sc., Ph.D., A.R.C.S., A.R.LC.; 


i 
“Qualitative Analysis by Solvent Extraction Methods, by R. A.C R. A. Chalmers, B. Sc., Ph. D., 
| and D. M. Dick, Se. summaries below), 


ANALYTICAL (CHEMISTRY OF SOME ¢ OF THE LOWER -Oxyacips OF PHosPHORUS 


Dr. D. S. PAYNE began 1 by} pointing o out that th the Jower oxyacids« ofp phosphorus covered 
a very large: number of based on the P-OH, O, P-P, P-O-P and 
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If our overseas readers will pardon the use of a metaphor adapted from cricket swe bave 
f | after nearly being caught out at 999, at last put the thousand up. ia 
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P-H only a few of which were in fact known. To facilitate th in 


__ of this group of compounds, consideration had been given to the general features of the 
, = analytical chemistry of the well known lower ba ml with a view to extending the f 
Paper chromatography, using conventional appeared likely to be limited 


4 : the simpler compounds, or to those particularly Tesistant to the hydrolysis attendant 
ag on the use of water-containing solvents. _ The semi-quantitative analysis of mixtures of § 
a. - the lower oxyacids had been achieved by use of **P-labelled acids, the paper being cut f 
into sections and activity counted after separation. The high background of the paper aie 


a around the spots had so far limited the development of the method. 


_._ pH titration offered a promising method of general applicability since the pK a: 

values of the —OH groups in the various environments appeared to vary according to 

nie st _ definite rules. However, in many of the more complex acids, distinction between groups J 

‘te was difficult and the tendency to hydrolysis limited the method. Useful results had been | a 
ee eee from the application of ion-exchange r resins to the e study of the alkali-metal f 


Oxidation of the phosphites and hypophosphites had been widely studied previously, 
o he ~ from many angles. Most of the oxidations were comparatively slow reactions. The § | 
‘ Oh _ effect of acid concentration, added phosphate, sulphate and alkali-metal ions on the rate | ; 
comes _ Of ceric oxidation had been studied. The ceric reaction could be catalysed by silver | 
J “aa and other metal ions, as well as by traces of iodine. In the iodine and chloramine-T 
i # _ oxidation of phosphite a radical mechanism leading to hypophosphate was postulated to 
_ account for the inconsistencies observed under certain pH conditions and for the products 


BPs te "ele, D. M. Dick gave an outline of the theory of extraction of co-ordination com- = 
Soe ee and enumerated the properties desirable in a complex-forming reagent to be - 
=. —— used in solvent extraction. He then gave an account of the extraction properties of four > ow 
sss Feagents, acetylacetone, oxine, sodium diethyldithiocarbamate and dithizone, when used § 


ne aa conjunction with the common cations of the classical qualitative scheme. Frm § 
these properties. a scheme had been for the separation of the common cations 


+S = __ Between 30 and 500 ug of a cation could be separated and identified in this way, 


freedom effects pt to co- precipitation and the completeness ¢ of the separa- 
tions. Most of the groups cut across the groups of the classical scheme, and the two § 3 

ae _ So far the scheme had been deliberately restricted in its s scope, , but information had oo: 


a Cash been collected on the behaviour of other cations, and the scheme should be capable it 
5 expansion, although inclusion of other elements necessitate a re- organisation 


Section and the Microchemistry Group, with the 


Methods. of Silicate Rock R.A. B. Sc. Ph.D., “Modern "Trends i in vig 
Geochemical Analysis,” by E. A. Vincent, M.A., B.Sc., Ph.D., F.R.LC., and “Geochemical 
Prospecting,’ "by J. 5S. Webb, Ph. D., A.R.S.M., M. M. M. (see summaries 


| 
ly 
a 
| 
— 
j- A Jomnt meeting of the 
— 
South Wales Section of 
4 Bans of Swansea. It was preceded by a visit to the B.P. Refinery at Llandarcy, = = fF | 
fe ‘Dae. Mr. P. F. Ellis, M.B.E., B.Sc., A.R.I.C., Chairman of the South Wales Section of the Royal ph 
a Bet Institute of Chemistry, introduced the President of the Society, Mr. R. C. Chirnside, F-R.LC., 
: Pe, re who took the Chair at the meeting. The subject was “Rock and Mineral Analysis and 
| 


Dr. R. A. CHALMERs said that the classical methods of rock analysis were ta 4 
> he their purpose but were tedious to use if many analyses were required, and liable to — 
: ‘ give false results unless applied by an expert. An increase in speed could be achieved ee 
___ by operating on the semi-micro or micro scale, but more care and attention to detail _ 
' - would be required. Of recent years, development of methods had followed two main he 
= _ paths. One was the designing of new methods within the framework of the old scheme, 
de and the other the use of spectrophotometric methods as faras possible. =~ 
__. Most attention had been paid to the second line of attack, as was witnessed by the 
_ many schemes of “rapid” analysis that had been | suggested. ’ The rapidity lay in th 
ia relatively large numbers of samples that co uld be handled sim ultaneously, rather thanin 
_ the time taken for a single analysis. Objections had been made to these schemes on the ae 
_ score that they were not sufficiently flexible to accommodate successfully the wide range at 
a silicate materials that was met in practice. Another criticism was that the methods 
; _ used had simply been compiled from existing sources without adequate investigation of 
>t applicability i in the new context, and that they had seldom been specially designed for ee 
There was much to be said for the use of a new to the fo ensue ts re of 


Comparative tests between various methods for t e di 
a constituent, silica for example, indicated that the most severe was that 
decomposing the sample properly. It was no use having a method that was excellent _ hse a4 
iy _ when applied to one particular ionic species, if it was not possible to guarantee that the | a 
- whole of the constituent sought would be present in the correct form. Some improvement > a 
had been effected by the use of sinter techniques with sodium peroxide, sodium carbonate, — Ag 
sodamide, but more work was needed. 
.. ~ When the methods themselves were considered, an obvious approach was to prepare iS pile 
a a solution of known volume from a macro sample and then to use small aliquots for analysis gts F 
by microchemical methods. Hand-plotted spectrophotometric titration curves permitted is 
_ the accurate determination of lime and magnesia by EDTA titration ; the flame photometer Be Mg 
id was invaluable for alkali-metal determinations; iron could be done volumetrically, and so 
might aluminium after a solvent extraction of interfering elements, such as iron and 


titanium. For the minor constituents, such as manganese and phosphorus, spectrophoto- 


j metric methods had always been advocated. Silica might be done on a separate sample _ oa 
by a differential spectrophotometric method; water should be determined by a high- 5, 


3 v4 ogi _ For the future, the requirements were better methods of decomposition and imple aad 


direct methods of determination applicable to a wide range of types o of sample. 


Vincent said that careful analysis of pure re samples of the 
_ minerals isolated from a suite of related rocks would often yield information of greater — a 
| geological and geochemical significance than analyses of the rocks themselves. The z 
. petrologist needed analyses for the common major elements to establish unequivocally =. 
the positions of his minerals in series where extensive isomorphous substitution occurred; * 
the specialised mineralogist might require accurate analyses involving almost any element 
in in order to establish the constitution of a newly discovered or rare mineral; the interest - dea 
ba of the geochemist tended to be directed more towards the minor and trace elements, 
particularly from a crystal-chemical standpoint. iti 
Pure samples of individual minerals weighing from 10 to 100 mg could usually be 
_ physically separated from their parent rocks, although samples weighing a gram or so 2 s; 
| might prove impossible to obtain, as the grain size of the minerals in a rock was often as ei 


: small as 0-1 mm, or less. Most exact mineral eee had Gherefore to be done on a. 
micro or micro scale. 
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nical | a analysis involving the commoner elements. Much good work had been done in the past git 
4 | by using gravimetric and volumetric methods and these continued to have their place ~ anal 


ee aly Ph ars and the wide application of optical-emission spectrography had enabled the 
_ broad distribution patterns of a wide range of elements to be worked out. Inevitably, as 
the science progressed, some geochemical problems arose for which spectrochemical 


——amalysis was insufficiently sensitive or insufficiently precise and accurate. In some § 


such instances neutron-activation analysis or isotope-dilution analysis might profitably 
oat be applied. The sensitivity of the neutron-activation method had permitted the effective 
is study of the geochemical behaviour of some elements that were beyond the reach of optical 
spectrography, at least without some pre- -concentration stage. Examples were the 
distribution of indium (0-003 to 0-3 p. p. m.) and gold (0-001 to 0-003 p.p.m.) between 

he co-existing silicate and oxide minerals in igneous rocks. The inherent accuracy and 

_ precision of both neutron-activation- and isotope-dilution analysis was higher than in 

a4 optical spectrography, and matrix effects were generally less troublesome. Neutron- 
a _ activation methods for the determination of a fairly wide range of elements in complex 

eo ot geological materials were now available , but the analyses could not compare with the 


spectrographic in speed, were relatively expensive and were not applicable in all geo- 


_ chemical laboratories. Standard samples analysed by neutron activation were invaluable 
for calibrating optical spectrography and other trace-analysis methods. 
__ Tsotope-dilution analysis by means of the mass spectrometer had great possibilities, 


and high precision was attainable even at low concentrations. In geological laboratories 
= 


mf Be strontium, argon and occasionally potassium, in connection with geological age measure- 


ment by the uranium - lead, thorium - lead, potassium - argon and rubidium - strontium 
< _ methods. Rubidium and strontium could be determined with a precision of 2 per cent. 
better at or below the part-per-million level 
The possibilities of X-ray fluorescence spectrography in geochemical analysis tere 
“) only now being actively explored; this precise, non-destructive method might soon do 
for many trace elements what the rapid spectrophotometric methods had done for 
common major elements. particularly interesting development the application 
of a modified version of Castaing and Guinier’s electron probe to determine quantitatively 
Te the distribution of elements in single grains showing compositional zoning or Consisting 
two or more minerals intergrown ona minute scale 
eo Dr. Joun ‘ S. Wess said that geochemical methods of mineral niitatidien were 
based on the premise that diagnostic disturbances in the normal distribution pattern of 
chemical elements could exist in accessible material in the vicinity of concealed ore 
om deposits. Such disturbances, or geochemical anomalies, resulted from the natural 
eos dispersion of elements from the site of the parent deposit and were commonly sought by 


its chief application so far had been to the determination of uranium, thorium, rubidium, | 


— 


oS war the systematic sampling and analysis of rock, soil, vegetation, stream water and stream mm 


Geochemical dispersion patterns were subdivided into two genetic categories, 
hen primary dispersions formed in depth at the time of mineralisation, and secondary a 
See persions, which were usually formed near the surface in the zone of weathering. >. ae 
Primary dispersion patterns could occur as (a) regional variations in the trace-element 
am content of rocks and minerals associated with metallogenetic provinces, (5) aureoles of 
_ impregnation in the wall-rocks surrounding individual deposits, or (c) “‘leakage’’ disper- 
= mes persions of trace metals in the channel-ways followed by mineralising solutions. In all 
ee be “4 cases, the primary dispersion was an integral part of the ore-forming processes. _ The 
=; _ interpretation of the geochemical anomalies i in terms of the location of possible associated 
deposits was often difficult and was always dependent o n the complexity and under- 
standing of the local geology, 


Secondary dispersions, on the other hand, were someally an integral part of the | 
:- _ weathering cycle, and although the dispersion processes were again complex, considerable | 


the analysis of minerals of more unusual elements, or where cer ain — 
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detecting the presence of sub-outcropping deposits of base metals, “copper, nickel, 
arsenic-gold, antimony, chromium, tin, tungsten, molybdenum and others. 
_ At times, positive results had been obtained where copper, lead and zinc minerali- 
ations had been concealed by transported glacial cover up to some tens of feet thick. — ' 
_ Here, the metals had had the opportunity of migrating upwards into the overlying % 
material by diffusion and other processes, including the growth of vegetation that has 
_. extracted the ore metals as part of its nutrient uptake. — “Although the systematic analysis — 
as of the plants themselves had been employed on occasions, it was normally found more 24 
‘. - practicable to sample the underlying s soil wherein metal had accumulated over generations 
While analysis of vegetation (biogeochemical prospecting) might be limited in its 
. rs fe application, the systematic observations of plant assemblages and the distribution of 
_ diagnostic species indicative of the presence of abnormal metal concentrations in the soil i 
prospecting) offered much more attractive possibilities, which had not yet 
Whereas geochemical soil and vegetation anomalies were usually restricted to the 
immediate vicinity of the parent mineral deposit, abnormal concentrations of metal tae 
‘ab might sometimes be detected in the surface-drainage system up to several miles down- 
_ Stream from mineralisation. Where these geochemical dispersion “trains” couldbeshown 
to exist, the systematic sampling of stream water or alluvium might constitute a useful — ee 
in the rapid mineral reconnaissance of comparatively large areas. 
[> a Sampling and analysis of stream alluvium for cold extractable (readily : soluble) metal 
had given particularly encouraging r results i sin r reconnaissance fi for copper and base- metal 
+ _ _ The practical application of geochemical methods had been made possible only by E 
4 i the development of extremely rapid simple tests, and there were available trace-analytical — ; 
4 f i techniques for a wide range of metals capable of being performed with adequate accuracy 
by semi-skilled personnel. For the most part, these tests were simplified versions of rane ; 
colorimetric and chromatographic methods, although spectrographic, fluorimetric 
and other procedures might be utilised for particular problems. = 
_ Current research was active and aimed at (a) broadening the scope e of | existing methods, "j 
(6) extending knowledge of dispersion processes and the rte) invest factors leading, it =. 


"approach to comprehensive geochemical “reconnaissance developing appropriate 
analytical techniques. Although much research and development undoubtedly remained = ae 
to be done, the progress made and the practical results obtained in actual prospecting to oO. 
date ensured that geochemical methods, used in conjunction with geological, geophysical 
ci and other sources of information, would have an increasingly greater part to playi in modern — 


Aw Ordinary Meeting of the Section was held at 6.30 p.m. on Thursday, May 28th, 1959, in 


; _ Room 301, Luton and South Bedfordshire College of Further Education, Park Square, Luton. = 


. The Chair was taken by the Chairman of the Section, Dr. S. H. Jenkins, F.R.I.C., F.Inst.S.P. = 


__ The following paper was presented and discussed: “‘The Analysis of Silicones and Related — 


, Acton, 


Constant-head unit wit thout overflow—A. Horton (National Coal Board, ds 


is constzmoted on the of the domestic water-cistern, ith a tennis ball attached 
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d-delivery poinp—A.M: Freke (National Coal Board, W. Midlands Di 


a" tents thet act syringe leads to a chamber of which the inlet and outlet t tubes a are fitted with slitted rubber ; 


“A. Allen (Distillers Company Ltd. ta). 


Semi-micro o Karl Fischer moisture-determination a aratus—R. | . Motz ars Ltd.). aE _ P< 
PP 
: anotgg Se we spring-loaded agitator block rotates the bottom of the reaction vessel; the top is sealed by a 


Device for plotting the two curves—A. L L Glenn ( (School 


simple rapid method of obtaining a quotient curve with the Honeywell-Brown Recorder. 
It is —— to single-beam infra-red spectrometry. It can wey? be modified to give a difference 
= Bai ss  Ahileof approximately the diameter of the tube in the side of the rising part of eirtiees 
and just a\ove a constriction at its lower end eliminates undesirable splashing during distillation. ba. 


Battery-charging system for the Unicam SP500 spectrophotometer—A. Babb (J. Lyons 


This has been described in Spectrovision (Unicam, Led. No. 6, 1958, 

(a) For continuous operation—A constant-speed motor unscrews a threaded bar a brass 

~ —— gplinder. The cylinder is free to move horizontally in a self- -oiling bearing and is fitted with a ball end ; 


ne that transfers the thrust normally to the plunger of a syringe. The device is combined with a pH 


x i ee (0) For intermittent operation—A constant-speed motor turns a circular plate. Trips on the plate o 
_ actuate a Parke) of levers and counterweights operating an automatic pipetting syringe. (Constructed i 


A small de-mountable sample | press and holder for the radiochemical assay of powders—A. E. r 
é Bird (Beecham Research Laboratories Ltd.), 


AP ‘The press facilitates the preparation of uniform pellets from powders so that a fixed area is pre-- 
_ sented to the counter. The pellets can be counted im situ and then removed for weighing. (Designed 
Doe A sin le-stroke electroma: etic vapour pump for circulation of gases through absorption 
Bh” 3) eae . The pump has replaceable » valve flaps and asin simple actuating mechanism, and will circulate effec-_ fi 
ah at tively against a pressure of 5 mm of mercury. (Designed by H. D. C. Rapson and ‘comstrected by 
Electrical 1 micro-balance—P. ‘Marshall (Boots Pure D: Drug Co. Ltd). 
current is passed through | two ‘meters connected in series. The movement of one is 


_ counterbalance the weight of the sample on the torsion balance. ‘The indicating meter is calibrated t to i 


ee operate standard Uniselectors that can be pre-set to operate a relay after a required interval. H Three ; 
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‘Molecular- -distillation ‘apparatus for abi and 1 identifying alkyl phthalate plasticisers 
PVC film—C. J. Barker (Brunel College of Technology}. 


__- The still consists of two aluminium blocks, one acting as heater and the other as alta ; ted 
m__- phthalates are subsequently identified by ultra-violet ney and gas-liquid chroma- 


The exhibits demonstrated by A. J. Maisey (British Nylon Spinners, Ltd.) — 
, _ The Kipp principle is modified by covering the solid with carbon tetrachloride. A layer of ers. 
tie “acid rests above this and gas is generated by tilting the apparatus. The gas is washed by passing 


pizgia tes 
ratus for - effecting: fusion or wet combustion of organic matter without loss of 


te distillation system is sealed by a series of bubbler traps. By means ofa 


the can be emptied automatically without dismantled. 
An electrical heating t range for micro-Kjeldahl digestions. 


A bar f from a domestic electric fire acts ts as heat source, 
— simple for detecting i inorganic 


4 


The sample is mixed with methanol and sulphuric acid in a narrow tube drawn to a sie: 
s “Heating in a boiling-water bath and igniting the issuing vapours results in a steady green flame 


following exhibits from British Oxygen Research and nt Ltd., were 


+ he the ozone is my siaetoos to oxygen. The heat of decomposition raises the temperature of the 
ea gas and this is detected by five copper - constantan thermocouples in series connected to a moving- 
coil meter to give a measure of the ozone concentration. _ It is suitable for use in the range 0 to 
oa WY so - This makes use of the absorption of visible light by ozone in the waveband 5600 to 5200 a. 
_ The test gas flows through a glass cell 48 inches long. A selected waveband from the transmitted 
_ light falls on a photovoltaic cell, the output of which is compared with that of one pereenates d by 
the same light source through a similar tube air. 


range 0 to 5 percent. of ozone. 


for ortho and para hyd 
Ana yser for ortho and para hydrogen. yebeou T io gnineve 
| gstall ya 1.2 ‘This makes use of four thermal- -conductivity cells i in a Wheatstone bridge network to compare : 
- the gas under test with 25 per cent. para — a platinum spiral at 6000° C produces 25 — 


oxygen analyser. 


and h 


‘The: following ‘exhibits from the Chemical Inspectorate, Ministry ‘of Supply, were 
strated by R. F. Branch, E.G. Marsden, G. F. Reynolds and J. W 


Rotary se separating- funnel holder (photograph). 


‘ Capstan for adjusting mercury levels of a Lunge pikeeiittit: 


ESE: screw-head and threaded bar provide a fine — adj astment suitable for any manometric a 
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— microscope ‘for examining , residues on n the bottom of a transparent vessel con- 
. a inclinable Winchester-bottle holder for dispensing acids and inflammable liquids at 


__ The bottle is pine? in an inclinable cradle and fitted with a polythene stopper carrying a 

Cutter for making porous-cup electrodes for use with 1 spectrographic solution technique. 


To yar a This incorporates ‘cutter, drill, adjustable locking | screw and a dust-extraction assembly that § 
be attached to a household vacuum 
_ A machine fo for the wet s sieving of powders. 4 
7 This enables powders ¢ to be sieved through a single rotating sieve with a controlled flow of water. § 


Slide rule for use with the Rigden on routine of the 
specific surface of powders. 
¥ 


$2 = ‘safety shield and device for t e 


a " ‘This enables lighter-than-water solvents to pass up through an aqueous solution as a fine 


e 


An adjustable wedge cell for r infra-red spectrometry. 


pie The sample i is introduced into a steam- heated chamber t that i is fed ks a ee nel 

Ae This utilises a gravity feed and vacuum line to circulate liquid from a thermostat-controlled 
through or piece of apparatus and back tothe bath, 


= __ This acts as a pressure regulator or as a safety precaution against implosion ¢ of glass apparatus. 


= 


is governed by a weight, a tapered glass pin and a cheesehead screw acting as piston. 


-ipiaahel the ever evening of Tuesday, May 5th, 1959, a party of 20 members of the Group toured 
x Anchor Brewhouse of cae and Barclay, Ltd., Horselydown, London, S.E.1, pm kind 

a site ed at t t the “ 
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A Modified Hydroxamic Acid Method for ‘Determining 


Total Esterified 1 Fatty Acids” in Plasma* 
waned; By D. M. MORGAN axp K K. ‘KINGSBURY 

(Surgical Unit, t, St. . Mary's Hospital, London, W.2) 


x colorimetric procedure i is described for the of esterified 
fatty acids in plasma. The method is based on the formation of hydroxamic 
_ acids, which react with ferric chloride to form a coloured complex having an 
_ absorption maximum at 515myp. Twenty replicate determinations had a 
coefficient. of variation of +0-85 per cent., and recoveries of 99-7 per cent. epee 


were obtained with glyceryl trioleate. — ~ The method, which has been in use 
; _ for over 4 years, has few manipulative steps, requires no special apparatus and — 
po permits a large number of determinations to be performed by one person. __ 
‘The normal range of esterified fatty acids in 106 samples of normal 
fasting plasma was found 94 to 18- milli- 


‘te the course of work on lipid metabolism, it became 1 necessary to determine tne total esterified ee 
fatty acids in plasma. The determination had to be carried out on an ethanol - diethyl ether ‘e ee 
extract of plasma, as this would permit several different determinations to be made on a 
single extract and need few manipulations, so oe a large number of yee a could be = 
with byone personinareasonabletime, 
~ | Lge that a method based on the aot test for esters of carboxylic ery devised — 
2 would | fulfil these requirements. The “chemistry of the 


Ofer ar R’ + NH,OH CO-NHOH +R ‘OH. 


; The anes acid so formed is coupled with tervalent i iron to form a a highly « coloured ed chelate 4 


in accordance with the following equation— te ler let OE Th 
S  «*Hillts ‘5 was the first to publish a quantitative method for fatty acid esters based on this 
, reaction, although it had been developed earlier by Lipmann and Tuttle® for the determination 1 
_ of acyl phosphates in enzyme systems. Thompson’ used Hill’s method to determine volatile 8 : 
esters, and Bauer and Hirsch® modified it to determine fatty acid esters in serum and specified 
- _ the use of strictly anhydrous conditions, as, they said, the presence of water interferes with — 
& the formation of hydroxamic acids; a similar method was developed by Hack.® In both these 
& techniques, the extract is evaporated. to dryness and subsequently heated to form the hydrox- 


and Hirsch and Goddu, LeBlanc and Wright,” although the last-named workers point out 

_ that hydroxamic acids are destroyed at high temperatures. 
Details have been published of other methods in which the hydroxamic acids were formed _ Poh 

i in aqueous media—that of Lipmann and Tuttle has already been mentioned. These workers 
_ later modified their method to determine hydroxamates formed from long-chain fatty acids, _ 

- final concentration of ethanol in the coloured solution being 50 per cent.¥ Hestrin 

_ determined acetylcholine with aqueous reagents, and a combination of Hill’s method with 
that of Lipmann and Tuttle was used by Kornberg and Pricer to determine separately 

_ the water-soluble and water-insoluble hydroxamic acid derivatives 
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_ Meyer"* in the determination of lactones), but found that the reaction took at least 7 hours to | 
4 go to completion. The method described here has been used in this laboratory for 4 years, 
3 during which > time well over five thousand determinations have been carried out. No 
heating stages are involved, the are few and the Stern 


Stern and: Shapiro’ s method" for for esterified fatty acids in blood appears to be based on 
i Hestrin’s method, but these workers reported that plasmas having a high cholesterol level BS 
caused a turbidity, in the final coloured solution, although this turbidity could be cleared by J cal 
_ the addition of ether. Finally, Gey and Schon?” carried out the formation of hydroxamic acids § : 
_ from plasma fatty acids in a glycine - sodium hydroxide buffer (as used by Weissman and a 


ethanol t 

Diethyl ether, peroxide-free—Analytical-reagent grade ether is usually ‘Satisfactory if 
Ethanol diethyl ether mixture (Bloor’s solvent) —Mix 3 volumes | of ethanol and 1 ‘volume 

_ Hydroxylamine solution, 3: per cent:—Dissolve 3-5 ¢ g of hydroxylamine 


_NH,OH.HCL, in 30 ml of distilled water, and make up to 100 ml with ethanol. Store the solution 


Sodium hydroxide solution, 6 per cent. —Dissolve 6 g of sodium hydroxide in 100 ml of 


Hydrochloric acid, 25 per cent. nt —Dilute 25 ml of acid, be 1-18, to 100 ml 


acid, add 10 ml of distilled water, and dilute to 100 ml with ethanol. 


fatty acid ester solution—Dissolve 1 milli- equivalent of the chosen fatty acid 
aS ster (see p. 412) in 100 mil of ethanol - diethyl ether mixture. Dilute 10 ml of this solution 
F to 100 ml with ethanol - ether mixture to prepare the working standard sol solution, 1 ml of 
which contains 0-001 milli- esterified fatty acid. af F 
al — Place about 8 ml of ethanol - ether mixture in a 200- -mm Xx 25-mm test-tube having a 
calibration mark at 10 ml. Add 0- 5 ml of plasma with continuous agitation of the test-tube to 
produce a finely divided precipitate. Bring the contents of the test-tube to the boiling-point 
_ in a water bath, cool, make up to 10 ml, and filter through a fat-free Whatman No. 43 filter- ; 
nae paper. ~ Measure 4 ml of the filtrate into a 150-mm x 25-mm test-tube, and add 1 ml each of | 
3-5 per cent. hydroxylamine solution and 6 per cent. sodium hydoxide solution. Close the 
* _ test-tube with a rubber stopper, agitate to mix the contents, and set aside for 30 minutes. 
Add 1 ml of hydrochloric acid, shake, and add 1 ml of ferric chloride solution. Replace the ; 
stopper, shake, set aside for 30 minutes to allow colour to develop, and measure the colour . 
intensity at 515 my. Take care to prevent the contents from coming into contact with 
| _ the rubber stopper when the test-tube is shaken. — When grossly lipaemic plasmas are analysed, — 
an use 1 or 2 ml of extract diluted to 4 ml with ethanol - ether mixture, and amend the ~: wpa % 


| ctor) af the 


oD 


mixture, and carry out the procedure described ove Fig. 1 shows a calibeation 
oa _ graph, which is linear over the range 0-0 to 0-005 milli- -equivalent of ester; this corresponds to 


ws 0 to 700 mg of esterified fatty acid per 100 ml of plasma. Two standards , containing 0-002 
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‘The results can either. be determined dein a calibration gr graph or or, since this is linear, 


milof plasma, i.e., 4 ml of extract, was this gives the result as milli-equivalents of 
fied fatty acids per litre of plasma. ‘Tf the result i is required as milligrams of esterified fatty 


acids per 100 ml of plasma, the « expression | 


Optical density of test solution 100 x 275 


Optical density of standard solution if 


if the average molecular weight of the plasma fatty acids is taken as being 275 Pp. 
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\mount of ester present, milli-equivalents 


igs 1. calibration graph for lyceryl tri 


ae ‘ Discussion OF THE METHOD 


of ether were the refore 


di-n-butyl ‘ether were but were found to be unsuccessful. When the concentration 
_ of ethanol in the final solution was increased from 60 per cent., as used by Stern and Shapiro, — 
% to 80 per cent., there was some improvement, but higher concentrations resulted in the _ 
bs precipitation of other reagents. However, it was found that if, under the conditions described — 


_ in this paper, the time allowed for the formation of the hydroxamic acids was increased toa 4 


A minimum of 30 minutes, no turbidity occurred when plasmas having cholesterol levels in _ 
excess of 500 mg per 100 ml or solutions of cholesteryl acetate were analysed mera. <= 
The. colour i in the method is stable for 90 minutes and ; 


| 


84 July, 1959] FOR DETERMINING TOTAL ESTERIFIED FATTY ACIDS IN PLASMA 
vel 
ids 
nd 
ito 
No § 
4 
> 
ing 
if 
i = 
me 
de, 
ion 
tom When Stern ed the turbidity they reported _ 
int = its removal by the OF 
difficulty of accurately adding small amounts 
| of _ made to remove the turbidity by adding less 
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ed, 
ng - ween the addition 0 and hydroxylamine and the developm = 
her i as experiments have shown that solutions treated in this way can be kept up to ours with- =” 5 q 
sto J __. Compounds that react with hydroxylamine to form hydroxamic acids include lactones, a 
02 4 carboxylic anhydrides, polyesters of polycarboxylic acids, esters of simple carboxylic acids an 
. and some esters of cyclic carboxylic acids.'* Acetic acid has been shown to react directly with © ra q 


MORGAN -AND KINGSBUR A MODIFIED HYDROXAMIC — ‘METHOD 


font chloride solution to form a coloured complex”; however, investigation has shown that 
this reaction is reversed by the presence of excess of strong acid, and, since in the proposed | 
_ procedure hydrochloric acid is added to the test solutions before ferric chloride, no inter-— 
ms ference from free acetic acid occurs. Cholesterol, urea, amino acids and sugars do not form 
%. _hydroxamic acids, nor do glycerophosphates. 16 Hack® gives an extensive list of esters that — 
ie react quantitatively to form hydroxamic acids, and this includes most of those likely to be 
_ encountered in plasma. Citrates and oxalates interfere with the reaction, as do tartrates, 
_ but only when their concentration in the final solution exceeds 30 mg. As the use of citrated | 
_ or oxalated plasma introduces only 5 mg of these salts at the most, their effect is negligible. 
Interference is also caused by salicylates in plasma when their concentration exceeds that — 
__ _ The absorption curves of the ethyl esters of fatty acids of various us chain | lengths are shown 
_ in Fig. 2. As can be seen, the chain length does not affect the wavelength at which maximum ~ 
ae absorption occurs, nor does it affect the molar extinction of the esters, since all the peaks 
oa _ occur at the same wavelength and are of approximately the same height. Fig. 3 shows that 
a A -= nature of the substance with which the acid is esterified also has no effect on the molar 
extinction or the wavelength at which this occurs, | 
Different workers have used a variety of esters as eg., triacetin, tributyrin, 
tricaprylin and triolein,’* trilaurin and tristearin,”’ tripalmitin,’ methyl oleate,*.“ cholesteryl 
- Oleate™ and methyl stearate.” The use of short-chain esters as standards should, however, 
ee _ be avoided, as it has been shown that these compounds react with hydroxylamine more 
Gg Sea rapidly than do the esters of long-chain fatty acids. 12 In the work reported here, pu e 


x1000 


pt ical densit 


absorption spectra of the-standard and a plasma extract are shown in Fig. 
curve has a maximum at 515 my. Twenty replicate determinations on a single plasma gave 
mean of 411 mg of esterified fatty per 100 ml, anda deviation of 3-49 
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of 8 optical densities being in l-cm cuvettes. 
Those workers reporting recovery experiments have based their recoveries either on 
the addition of ethereal solutions of known amounts of esters to the ethanol - ether extract of ee 
a plasma™ or on the analysis of mixtures of standard solutions and comparison of the results e,: 
with those found for the pure solutions.* However, these. experiments gave no indication — 
of the percentage recovery of the esters from plasma, on which the accuracy of the method — 
must be based. The recoveries reported here were from homogeneous mixtures of plasma 
and pure glycerides, which gave the esters most opportunity of being attached to lipo- 
proteins, as in their natural state, and resulted in a mean recovery, for five separate 

| determinations, of 99-7 per cent. The mixtures were prepared by shaking together known > 
| amounts of pure glyceryl trioleate and a previously analysed fasting plasma until a homo- 
—" — was obtained that did not separate when set aside for 10 minutes. Dee ais a 


| 


a 


best a. 


3 Fig. 4. Absorption spectra of coloured com- text 
curve A, from glyceryl trioleate; curve = amount of fatty acid found, — 


when the ‘optical densities of the coloured solutions obtained by determining in- 
creasing amounts of a: single plasma were plotted against the volume of plasma taken for 2 
each analysis, the result was a straight line (see Fig. 5). ~ A further check on the accuracy of — 
the method was obtained by analysing a known solution of gen ga acetate, and this gave 
the theoretical result when determined as cholesterol or as anester, = = 
__ When the results were expressed as milligrams of esterified fatty aides per 100 al of clase, 
it was assumed that equal amounts of oleic, palmitic and stearic acids were present, and the 
average molecular weight was therefore 275.0 
Analyses of plasma taken from 106 normal male subjects, all of whom had fasted for a 
hours before blood samples were taken, ‘gave a range of 5-94 to 18-9 (mean 11-6) milli-equiv- — 
alents of esterified fatty acids per litre. This is similar to the range of 7-0 to 12-6 (mean 9- _ 
milli-equivalents per litre for 102 subjects reported by Bauer and Hirsch® and to that (Co 


| 8-6 to 20-8 (mean 12-3) milli- i-equivalents per litre for 42 subjects reported by Nai 


Feigl, F., Anger, V., and Frehden, O., Mikrochemie, 1984, 15, 9 Yo 


* ‘eigl, “Spot Tests,” Fourth Edition, Elsevier Co. Ltd., Amsterdam and New York, 
Volume II, p. 170 
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ADEY AND COX: THE DETERMINATION OF SMALL AMOUNTS OF -PICOLINE 
ill, U. T., Ind. Eng. Chem., Anal. Ed., 1946, 18, 317. a Pape 
——, Anal. Chem., 1947,19, 932. ait 
"Lipman, F., and Tuttle, LC. J. Biol. Chem., 1945, 159, 21. 
Thompson, A. R., Austral. J. Sci. Res., 1950, 3, 125. 
F. C., ‘and Hirsch, E. F., Arch. 'Biochem., 1949, 20, 242. 
Hack, M. H., Arch. Biochem. Biophys.., 1955, 58, io. 


eth 10. Jarrer, M., and Polonovski, J., Bull. Soc. Chim. Biol. | 1955, 37, 495. . 


_ Nailor, R., Bauer, F. C., and Hirsch, E. F., Arch. Biochem., 1955, 54, 201. 
Goddu, R. F., LeBlanc, N. F., and Wright, C. M., Anal. Chem., 1955, 27, 
13. Lipmann, F., and Tuttle, Biochim. Biophys. Acta, 1950, 4, 301. 
14. Hestrin, S., J. Biol. Chem., 1949, 180, 249. Hoes 
Kornberg, A‘, and Pricer, W. E., Ibid., 1953, 204, 329. 
16. Stern, I., and Shapiro, B., J. Clin. Path., 1953, 6, 
Gey, K. F., and Schon, H., Hoppe-Seyl. Z., ., 1956, 305,149. 
, 18. Weissman, B., and Meyer, K., J. Amer. Chem. Soc., —_ 76, 1753.00 


Mr. C. Waar asked the if they had carried ‘on with esters of acids. 
He had tried out a similar method for the analysis of drying oils and had experienced difficulties, obtaining 
low results. He had traced these low results to the conjugated esters. Admittedly, his procedure was 
slightly different from the authors’ in that he used ferric perchlorate, but he wondered if the authors had 
evidence that the nature of the acid had any effect on the reaction. 
gies Mr. Morcan replied that they had been unable to obtain sufficiently pure samples of esters of con- 
_ jugated fatty acids to enable them to construct reliable calibration curves. However, results obtained with 
_ tung oil (which contained about 80 per cent. of eleaostearic acid), although giving a linear graph when the 
of oil was against th ulting optical density, were 15 to 20 less then the 


‘The Determination of of Sm all . Amounts | of a Picolin 
Pyridine by a Solution-temperature 


_ lower solution temperature of a mixture containing the two bases, water and 
: _ . potassium chloride i in specified proportions. On the assumption that the only 
impurities in “pure pyridine (99 per cent. minimum),” as defined by the 
xp _ British Standard for this grade, are a-picoline and water, the pyridine « content 
ss an be found by difference. The method is thus an alternative to that based ea 
ch on the clearing- temperature ofa solution, which has been adopted 


tee = purest grade of pyridine commercially a available is described in a Draft British Standard 

tS. “pure pyridine (99 per cent. minimum). The main impurities likely to be found in coal-tar_ 
aie of this grade are water and «- picoline. __ Water can be readily determined by the 
Karl Fischer method, but there has been no satisfactory method for determining the «-picoline. 


{. The method commonly used* for determining pyridine in admixture with other pytidine 


x bases, even in the modified form proposed in the Draft British Standard,! is barely sensitive — 
enought to determine the pyridine content within the limits required. . Our purpose was 
: ‘ to devise a more sensitive method for this determination. _ In the proposed method, the | 
_ water and e-picoline contents are separately determined and the pyridine content is found by 


2 difference. The method for determining «-picoline involves measuring the lower solution q 


advantage of the markedly different solubilities of pyridi ne and in this solution. 
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find th the optimum pice ions for the varying the relative 

q of the components of the solutions. — Lack of time precluded : a study of the effect of salts 

| other than potassium chloride. — Secondly, the proposed method was tested for its suitability 

; as a routine method ; this study gave information about its expected repeatability and repro- 
cen (these terms have the significance previously ascribed tothem*), 


z ‘Solutions were made up with distilled water in NPL grade A calibrated flasks, care being taken ~ . 
to dilute to the mark at 20°C. The pyridine and «-picoline used were standard samples ee 

prepared at the National Chemical Laboratory a1 and i certified as having purities of 99-91 and es 

Analytical: reagent grade potassium chloride. that been dried at 110°C may s still 

— cenuda a little water. It is extremely important, therefore, that any analyst using the proposed — 
method and calibration figures should keep as close to our conditions as possible and, in gate, ‘ 


Solution were in the following ways: Weighed amounts | 
} pyridine and potassium chloride solution (total weight 0-3 to 0-5 g) were sealed inside small 
= borosilicate- glass tubes. : . The tubes were held in a bracket that co ically is 
_ and were lowered into a lagged oil-bath furnished with a stirrer and bare-wire immersion 7 
heater; they could be viewed against a diffusely lit background. temperature of 


‘quickly to within 1° C of the solution temperature and was raised ata 


tate not exceeding 0-05° C per minute until the clear solution in the tube suddenly became © 
‘doudy, _ With some mixtures, light-scattering was observed before the solution temperature — 

“was attained, but the solution temperature could still be determined with about | an — 
_Tepeatability a as for mixtures that did not exhibit light- viz., , £0- 05° 

if 

- dine base, (i?) mixtures made up with potassium chloride solutions of different concentra-_ 
_ tions, and. (i) mixtures made up from pyridine bases containing different small amounts of — 


-picoline. The results are summarised in Tables I II, wherein the temperatures have been 
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SMALL AMOUNTS OF a-PIC LINE | 


 SoLuTION TEMPERATURES OF PYRIDINE - at-PICOLINE MIXTURES AND POTASSIUM 


Of a-picoline in pyridine - «-picoline 
of "pyridine - a-picoline ne mixture in final Solution J 
re, 


ot 


~ 


A 
is # Within the 1 range of compositions studied, the | greatest sensitivity of the solution 
temperature to the concentration of w-pieoline 4 in pyridine is given by 20 per cent. 
_ w/v potassium chloride solution, 
i) The least sensitivity of the solution temperature to the concentration of total 
ride solution. 


‘The lowering of solution temperature by a- ,-picoline i in pyridine is directly 
4) ae "proportional to the a- picoline content of the pyridine i in the range 0 . 2 pee cont. 
(iv) most convenient mixture “routine solution-temperature determinations 
hee inne consists of 25 per cent. w/w of pyridine base and 75 per cent. w/w of 20 per cent. 
ian ft aad W/V potassium chloride solution. The solution temperature is then 27-0° C when 
the base is pure pyridine and 26-3° C when the base i isl 1 per cent. w/w of a- picoline 


METHOD FOR DETERMINING THE a-PICOLINE “CONTENT | OF ‘PYRIDINE 


200-00 g of grade potassium chloride (dried at 110°C) into an } 
NPL grade A calibrated flask, and make up to 1 litre with distilled water at 20°C. Assemble 
the apparatus described in “Standard Methods for Testing Tar and its Products.”5 Weigh 
accurately 4-99 to 5-01 g of the pyridine to be assayed and 14-95 to 15-05 g of the potassium 
chloride solution into the inner test-tube of this apparatus. When the final small additions 
are made, ensure that these are introduced well down the test-tube, so that the components 
can be completely mixed. Record the exact weight of each component. = ~~ 
_ Fit a Standardisation of Tar Products Tests Committee schedule T5C* thermometer, cork 

F and stirrer into the test-tube, and adjust so that the bottom of the thermometer is 1 cm above J 
<< bottom of the tube. Stir briskly but without splashing, and bring the temperature to 25° Cc. | 
- Meanwhile, adjust the temperature of the water bath to 27-8° + 0-2°C, with the air-jacket in J 
a place. Insert the inner tube, and stir the contents as the temperature rises, the temperature of 
se water bath ae maintained at 27-8°C. Note the temperature at which the clear solution 
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Determine the water content of the pyridine by tl the Ke Karl Flecher method. 


centration of Pyridine i in | the mixture and the solution. 
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a 
ese Conclusions were made the Dasis Of a routine method for determining small amounts § 
a a Of a-picoline in pyridine. This method involves use of the same apparatus as is employed in f 
determining the clearing-points of pyridine-base perchlorates® 
| 
— 
i 
| 
| 


July, 1960) 


(iii) Further correct the solution temperature by 0- 0085° for. each O01, 
cent. ent. w/w of water in the sample, 


i Calculate the pe percentage age of a- a-picoline i in the pyridine sample from the corrected espe 


precision of the proposed routine | method. It was found that— 
of a solution- -temperature measurement for a given mix ure was 


(ii) the repeatability! of a complete determination was +0-04° C, 
(tat) the reproducibility4 of the mean of two complete determinations by different 
ihe a different apparatus but the same potassium chloride solution was +0-06°C, 
_ (tv) the reproducibility* of the mean of two complete determinations i in which potassium 
ie ettabe dy chloride solutions of nominally the same concentration but prepared by different 


analysts were used was +0-08°C. 


routine analysis of, for example, ‘ ‘pure pyridine (99 per cent. is under considera- 
tion. It corresponds to an uncertainty in the «-picoline content of about +0-1 per cent. a Le 7 


= We are grateful for the interest shown by Dr. E. A. Coulson in this work. This paper is x 
published by permission of the Director of the ional Chemical Laboratory, and ot f the 


2 
The last-named value is the most relevant when the u 4 


British Standard for Pyridine, CY (TPC) 3380. 
_ Hamer, A., Pomfret, R., and Stubbings, W. V., Analyst, 1946, 71, 419. e a 
Andon, R. J. L., and Cox, J. D., J. Chem. Soc., 1952, 
‘Standardisation of Tar Products Tests Committee, “Standard Methods for Testing Tar and its 


Mr. L. BREALEY a asked what pre- treatment had been given ren to the remove 
moisture and to ensure that the amount used was accurately reproducible. 
Fi _ Mr. Apey replied that the method adopted for removing moisture was to dry the potassium chloride _ 

{in the form of small crystals) in an oven at 110° C for 4 hours. It had been pointed out to the authors, 
after the completion of their work, that potassium chloride so dried might still contain a trace of moisture. 

_ For this reason, any analyst who wished to use the present calibration figures was recommended to adhere ~ 
closely to the method given in the paper for preparing the potassium chloride solution, = 8 i t—te 
Dr. J. Hasta asked if the difference in basicity of pyridine and «-picoline could be exploited, and what a 3 
was the accuracy of the gas-chromatographic determination ofa-picoline. ao 

- Dr. Cox said that the difference of basicity between pyridine and «- picoline was not very y great (Ky a ia 
for pyridine i in water = 1-66 x 10-* and Kx for «-picoline in water = 9-1 x 10-*; Andon, Cox and Hering- — Se Le 
ton, Trans. . Faraday Soc., 1954, 50, 918), and no method exploiting this small basicity difference had yet 

been. devised for the quantitative determination of one base in the presence of the other. = giqioe 

‘Mr. Apey added that «-picoline in these concentrations could be measured by gas - liquid chromato- 

graphy to within an estimated + 10 per cent. of the amount present, provided that an internal-standard - 


method was used. The authors were concerned, a made use of i inexpensive 


PYRIDINE BY A SOLUTION-TEMPERATURE METHOD 417 
| Make the thermometer correction, if one is applicable. 
ts i), Calculate the percentage by weight of ‘original sample in the total mixture, and ee 
a & correct the solution temperature by adding 0-015° C for each 0-01 per cent. w/w by ot a 
a Fh which the sample concentration exceeds 25-00 per cent. w/w or by subtracting __ <M 
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ethod he Rapid | Detec Sm: 


"Concentrations of Organi c Bases in 


went in biological fluids. It is specially suited to the use of paper-chromato- i (At 


methods of identification. Some experimental results for 


a 
_ bases that may occur in urine or other biological fluids in concentrations of about 1 p.p.m. 4 aa 
cae _ The. method is simple and requires or a small amount of apparatus; it ae been = | ph 
thy 
bhi 


ent | 


As 


a the method emerged during a ssueananeienactiod investigation of such a two-stage 
extraction procedure and indicated that not only highly concentrated but also highly selec- 
ive yields of a base could be expected when the heneeers of the second aqueous phase was > 


fo 


1. To remove last traces of oxygen — 


chromous sulphate solution ¢ — = Paper strip with acid spots 


ip of gas delivery tube , 


| | 


Di ram of acids ot ‘extraction a 
Digan 


vig 
rom the nitrogen, the gas is passed through a solution o 
bubbling through concentrated sulphuric acid and passed through a U-tube containing 
bubbling throug P pas: 
_ a mar self-indicating silica gel, which serves as a check on the efficiency of the acid and as a trap for 
|S ees acid spray. The tip of the delivery tube, D, should have an orifice small enough to give a i: 
i 
— 
pie chromous sulphate solution is prepared 1m sivu in a gaS-washing bottle fitted with a 
ae red-glass disc on the inlet tube and having a ground-glass neck. Twelve grams. of 
, 4: § ered chromic potassium sulphate are stirred with 50 ml of water and 5 ml of concentrated — 
-  SUIP iuric acid are added. When the chromic potassium sulphate has completely dissolved, 
% + the solution is cooled by adding 10 to 15 g of crushed ice and is poured on to 3 g of zinc dust i 
9 : — in the bottom of the gas-washing bottle. The inlet tube is immediately inserted and air | 
is expelled by passing a slow stream of nitrogen through the bottle fora time. When reduction 
4 is complete the solution is pale blue; it darkens as oxygen is absorbed? a rece, a 


ae PROCEDURE FOR DETECTING MORPHINE OR OTHER TYPICAL ALKALOIDS— 
‘The urine sample | is -adjusted to pH 9-0 by adding a a 20 per cent. solution of \socdinens 9B 
hydroxide; ammonia solution must not be used. _ (This pH favours the detection of morphine ; 
factors that should be considered if other bases are specifically sought are the ionisation — 
constants of the base and its partition constant between the solvent used for extraction and 23 
water. Bases similar in strength to morphine but more soluble in chloroform are selectively — te 
_ extracted at lower pH values; others stronger than morphine but having similar wa Errol a 
chloroform are selectively extracted athigher pH values) 
‘The sample at pH 9-0 is extracted once with about one-fifth of its volume of ities 
is (At least 20 ml of solvent are used if the volume of sample is small.) Any standard method 
extraction may be used; a convenient method is described below. 
q j Be As much as possible of the chloroform extract is filtered through a dry : filter-paper into 
a test-tube of diameter such that the height ofliquidis5to7cem. = 2s 
_ Astrip of Whatman 3MM filter-paper,.7 cm x 1-5 cm, is spotted 2 cm from one end with _ —— 
5 drops of 0-25 and 0-5 N sulphuric acid. (It is advantageous, but not essential, that the sul- oo: ” Sa 
_ phuric acid should contain thymol blue indicator. The 0-25 and 0-5N ‘sulphuric acid - ee ; 
2 thymol blue reagent solutions are prepared by dissolving separate 4-0-mg portions of thymol | 
blue indicator i in 0-5 and i-0 g of concentrated sulphuric acid, respectively, in 50-ml stoppered _ 
2S "flasks. - The solutions are set aside overnight and then each is diluted to 40 ml with distilled a 
- 7 Ww water.) The filter-paper should | be purified | by washing chromatographically with chloroform — 
I, and then water before it is cut into strips. _ The acid spots can be applied aca a loop * mi zy 
wire adjusted to produce spots 3 to 5mm in diameter, 
+ pe _ Immediately after it has been spotted with acid, the paper strip is ; placed i in i tee “iid ‘<> 
| form extract so that the spots (and preferably the entire strip) are completely immersed. 
E The extract is then agitated with a stream of dry oxygen-free nitrogen, which passes into the 
i test- tube through a glass delivery tube, the lower end of which should be below the acid spots 
_ (see Fig. 1). The acid spots should not be in contact with the delivery tube or the walls of 
_ the test-tube. The nitrogen flow rate should be 100 + 50 ml per minute per 20 ml of er 
_ A flowmeter of the type described by James and Martin’ can be used. This should be Sed 2 
in parallel with the apparatus and the gas stream by-passed through it when a reading isto _ 
be taken. If placed in series with undesirable condensation of water 
occur in the solvent extract. 
_ After some minutes the ‘spots become ‘transparent owing to loss of water. Ifa high 
concentration of base is expected the strip may then be removed from the chloroform. - _ The- 
gas flow is stopped and any part of the strip not immersed is rinsed with the extract by shaking = 
for a few minutes. Excess of chloroform is removed by shaking or blotting the strip and * 


solution until the spots change from pink to yellow or blue (about 15 seconds). — 

= __ After removal of ammonia vapour in a current of air, the resulting mixture of sulphates “~ 

of bases extracted from js: urine and ammonium ‘sulphate is developed on the strip as aie 
y convenient modification | of Rockland and Dunn’ Ss ascending- — 


_ In order to detect bases present at lower levels of concentration, the procedure, from: < 
the application of acid spots, may be repeated on further strips, , either together or consecu- 
tively, and with longer times of agitation. Alkaloid concentrations of 1 p.p.m. in the original ae 
urine sample are extracted in microgram amounts, which can be detected5 after less than Ree 
minutes agitation. Much lower concentrations can be detected after longer agitation 
simply by i e strip in the chloroform extract overnight without passing 
EXTRACTION OF URINE WITH ‘CHLOROFORM—_ fs be hinged 
The solvent is introduced into a cylindrical separating funnel, the tap of which is grease 
with a starch - glycerol paste. The urine, after of is poured on 
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~t ontinuously carried by the gas up oug. € aqueous layer. Ihe rate of gas NOW IS 

ion | hdjusted so that the coarse emulsion formed at the interface does not extend as far down as the ‘ os . 
gas “tip of the gas-delivery tube. After 20 minutes the gas is shut off; any residual emulsion Re ee 


extraction is then to the separated solvent It is not essential that the 


- whole of the solvent reais be used, nor is is it essential that extraction of the urine be carried d- iq es 


For the detection of typical alkaloids it is aie that the strips be developed in 
the organic-rich phase of a mixture of 50 ml of #-butyl alcohol, 10 ml of concentrated hydro- 
4 chloric acid and 20 ml of water, which gives Ry values in the r: range 0-2 to 0-8 for most alkaloids. 
_ Detection is achieved by spraying with an iodoplatinate reagent solution maving the following, 


‘This solution keeps indefinitely pers can be used in this form for the detection of alkaloids. 
ae However, it is preferable to add 3 ml of concentrated hydrochloric acid per 47 ml of this 
_ reagent and to prepare the solution freshly from time to time. The acidified spray reagent 
is more sensitive ‘towards some bases, notably caffeine. The reagent gives violet to blue 
__ Some sympathomimetic amines, such as amphetamine and ephedrine, are more readily 
; - detected by developing in a one-phase system consisting of 20 ml of tsobutyl methyl ke one, 
on 10 ml of acetic acid and 5 ml of water and spraying with a dilute solution of bromocresol f- 
green in ethanol. When exposed to a current of air, these bases gradually develop as blue © 
: «apes on a yellow- green background. A fine spray is essential for the best results; if the 7 
: oS chromatogram has been thoroughly dried before it is sprayed and a thick paper, such as What- 
Be man 3-MM, is used, it is often possible to spray the reverse of the chromatogram with a different 


When it is desired to run longer chromatograms, an acid-spot extract is prepared from 
ae jie spots of the sulphuric acid - thymol blue reagent on a piece of paper of convenient size, 
a which is subsequently joined to two longer pieces of paper by some suitable means, , such as 
a sandwiching the three | pieces of paper, with the minimum possible overlap, between two | pieces 


Of glass of somewhat larger dimensions than conventional microscope slides. The assembly 


ee is clamped together at the ends with spring-type wooden clothes pegs, and a chromatogram is is" 


If much basic material i is present in the urine, , as in urine . that has been stored for some 
_ days at room temperature, the spots may become neutral (yellow) to thymol blue on prolonged 
_ agitation. If this occurs, cations of bases initially extracted may become displaced from the 
spot by those of bases stronger than the class of base it is desired to detect. , (It is for this 
“ea reason that ammonia cannot be used for the adjustment of pH. ) Itis therefore necessary to 
_ watch for any change of colour in the 0-25 N sulphuric acid spot, ¢ and if this occurs the strip 
_ should be removed immediately and replaced byafresh strip, 
Mae 

~ ee Occasionally, dark-coloured material is extracted on to the spot and obscures the pink 
s colour of the thymol blue; it is then necessary to check that the spots have retained their 


i Bee by applying a little thymol b Laced dissolved i in ethanol to them before suspending tl the 


typical r results indicative of the of the method are she 


own in Figs. 2, 


vod of bases from solutions of various concentrations. To obtain reproducible and comparable 
results, the acid spots were allowed to dry in air before agitation in the solvent was com- 
=i ; menced. Normally, it is not necessary to do this; spots immersed immediately after applica- 
_ tion to the paper soon lose their excess of moisture in the solvent, provided the nitrogen 

_ stream is dry (this is essential for a maximum rate of extraction). ~ Detection was also achieved 
__ by spraying with iodoplatinate reagent solution immediately after the last traces of solvent 
had evaporated from the strip : after removal, and without prior exposure to ammonia vapour. 
a It should be pointed out that, if the extracts are developed as a paper chromatogram, times 
of of detection m may be ten times intaases place shown i in — 4, 3,4 - 5 for a some on- 
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centration, on the: degree of diffusion that occurs swith the chromatographic solvent 


which pK» is than 13,° in six solvents and the times of first appearance 


oF ‘Fig. 2. Time required for extraction of 
sie ad detectable amount of caffeine from various solvents: 
cyclohexane; © chloroform-cyclohexane mixture 

y 
a + 5 v/v); @, carbon disulphide; chloroform- 

cyclohexane mixture (1 +1 viv); x, 


Time, second 


» 

3. ‘Time required for extraction of ‘Fig. 4. Time required for ty two-stage ex- 

minimum detectable amount of cocaine Anos traction of minimum detectable amounts 
from various solvents: 4, of nicotine and morphine from 


solutions: 


boiling range 100° to 110° C; O, morphine 


chloroform; @, morphine in pH 8-0 buffer 


a se amount of base on the acid spots for solutions of various degrees of dilution. 

Fig. 3 shows a similar set of results for the stronger base cocaine, for which pKp is 5-6. ae 
eo The time for initial detection in seconds is plotted on a log scale against the concentration ; 

in BE per ml i ml i in the solvent (c also shown ona scale. From the the 
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8 ' The rates of extraction of the weaker base caffeine are much less than those of cocaine at ; 
; similar concentrations, except with cyclohexane, in which caffeine is much less soluble than — 
hi = an is in water. Hence it is evident that both the ionisation constant of the base and the 
ae partition constant (for un-ionised base) between solvent and water play a part in | determining _ 
sss“ Figs. 4 and 5 show results obtained by shaking freshly prepared solutions of nicotine — 
3 hydrogen tartrate and morphine hydrochloride in aqueous phosphate buffer solutions with ‘ 
, A) one-fifth of their volume of solvent, and applying acid-spot extraction to the separated organic : 


wt 
re 


Concentration in in aqueous hase (0. r 


7 


traction of minimum detectable amounts of 

nicotine from aqueous buffer solution 
pH 8-0 with various solvents: 4, chloro- 


form - eyelchexane mixture (1 +1 viv); 


“present i in the aqueous "Bote bases are in strength to cocaine,’:* but when 

_ extraction times are compared with those in Fig. 3 it should be borne in mind that nicotine, 
€ by virtue of its high solubility in chloroform, is present in much higher concentration in the 
x, _ solvent phase than in the original aqueous phase. This effect of concentration by extraction 
_ is only partly off-set by decreasing the pH from 8-0 to 6-5, although nicotine exists predomi- 
_ nantly in the ionised form in the aqueous phase at pH 6-5, the ionisation equilibrium being 
_ shifted by the extraction process. Further, from the results for morphine it is evident that 

_ minor changes in solvent composition have little effect on the final result when a two-stage 

us a extraction procedure is used. In this connection it should Ue remarked that, in order to 
oP extend the method to the detection of extremely weak bases, such as caffeine, in concentrations 
_ similar to those at which the typical alkaloids can be detected, it is necessary to extract first 
ae with an efficient solvent, such as chloroform, which is then almost entirely removed by 
Pray ~ evaporation and replaced with a non-solvent, such as cyclohexane, care being taken to ensure 
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Determination of ‘DDT Residues in F oodstuffs 


aie By G: A. SERGEANT* AND WOOD 


method is s described for determining residues of DDT in a variety 

VARIOUS modifications of two basic methods for determining residues of DDT {1 : 1: 1-trichloro. 

2: 2-di(p-chlorophenyl)ethane] are in general use; the basic methods are those described by 

_ Schechter, Soloway, Hayes and Haller’ and by Stiff and Castillo The first is the more 

_ widely used and in one form has been | adopted by the Association of Official Agricultural # 

_Chemists*; the second is of some interest owing to its greater operational simplicity. Also, — 

unlike Schechter, Soloway, Hayes and Haller’s method it is, under suitable conditions, pa 

- not affected by the relative proportions of the two principal isomers present in technical DDT noe *_ 

_and is specific for DDT in the presence of DDD. During our investigation, two serious objec- a a 
: tions to Stiff and Castillo’s method have been encountered, #.c. .. tapid fading of the colour given _ 

_ by the pyridine - xanthhydrol ao with DDT and the extreme susceptibility of the colour 
4 fi to disturbance, apparently by atmospheric moisture, which cannot conveniently be completely 


Schechter, Soloway, Hayes ; and Haller’s involves 
of the DDT and colour development by the action of methanolic sodium methoxide on the 
tetranitro-derivative. Quantitative, or at least reproducible, nitration of DDT is ie 
uncertain by the presence of extraneous organic matter, such as normally accompanies — =F 4 
DDT in extracts of foodstuffs and which is liable to be oxidised with some violence by the 
nitration acid with consequent loss of DDT. In the Association of Official Agricultural | . 
| Chemist’s method, careful regulation of the nitration by temperature control is intended to ye 
| obviate this source of error. Preliminary reduction of the extraneous organic matter present — 
| to a sufficiently low level is also effective and permits rapid nitration without significant - 
loss of DDT. Nitration is complete in 15 minutes at 100° C,* but some prolongation of the 
i nitration time is desirable to allow more complete oxidation of impurities, which may otherwise th 
give rise to interfering background colours in the colorimetric stage, 
- _ _The use of ethanolic potassium hydroxide as the chromogenic agent® in place of meth- 
: -anolic sodium methoxide is preferred, as it is much simpler to prepare; moreover, it has been 7 
found that the addition of urea considerably improves the keeping quality of this is reagent by ane 
greatly delaying the tendency to develop 
Typical procedures for the separation of DDT and other acid-resistant pesticides from 
‘ fatty materials have been described by Schechter, Pogorelskin and Haller* and by Davidow.? _ 
The procedure described in this paper deals with comparatively large amounts of fat bya _ 
_ form of sulphuric acid treatment incorporating some features of both these methods. After 
“ the acid treatment, further purification of the extract is usually required in preparation for the 
colorimetric test, and a chromatographic stage has been added in which DDT is selectively - ie 
_ adsorbed on a small silica gel column. Similar adsorption of DDT on an alumina column © 


was found to result in low recoveries, especially if elution was yes, apparently by gradual - 
dehydrochlorination of the DDT. 


"The procedure devised primarily for fats is also ‘apnileshie, with slight modifications, to 


the purification of extracts of non-fatty plant material and was found to be | more effective 
than treatment by chromatography on alumina or magnesia apatite 5. 
The loss of DDT occurring when solutions are evaporated to dryness on a steam-bath is 
greatly reduced by adding a small amount of non-volatile liquid. Of several liquids tested 


for this purpose, only propylene glycol was found to cause negligible interference in the 

ul 


tubo—A filter 30 mm 200 mm, fitted aN 
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silica gel—A glass tube, 200 n mm in length and 163 16n mm internal | diameter, whic 
at the lower end to retain a cotton- wen 1G 


LS wt Sulphuric acid mixture—Mix equal volumes of ‘concentrated ‘sulphuric acid and fuming 
acid containing 20 per cent. of sulphur trioxide, = 
- _ Silica gel—The grade supplied for chromatography by Hopkin and Williams Ltd. a 
suitable. _ Dry by heating for several hours at 250° C. 
Amyl alcohol—Analytical-reagent grade. shiv - ~snibi 
_ es Nitration acid—Mix equal volumes of of fuming nitric acid and concentrated sulphuric acid, 
_ Extraction solvent—Mix 2 volumes of light petroleum, boiling. range nge 40° to 60° C, and 1 
volume of analytical-reagent grade benzene. TORT to 
Sodium hydroxide solution, 5 per cent. w/v, aqueous. 
Sodium chloride solution—A saturated aqueous | 
——___Ethanolic potassium hydroxide solution—Dissolve 5 go of analytical- -reagent grade potas- 
: sium hydroxide and 2 g of analytical-reagent grade urea by heating under reflux with 100 ml 
_ of absolute ethanol, cool, and filter the solution. FP es in a bottle having a well fitting 


Fats, oils and fatty materials—Place 4 g of g of Celite 545 in the chromatographic tube, oe 


8 g of Celite 545 thoroughly mixed with 4 ml of sulphuric acid mixture, pack firmly and 
= and finally add a 1-cm layer of anhydrous sodium sulphate. _ Dissolve the sample, — 


containing up to 25 g of fat, in 100 ml of hexane in a 500-ml flask. Extract incompletely 
_ soluble samples with hexane in a Soxhlet or similar extraction apparatus. To the solution — 
Jf — 40 ml of sulphuric acid mixture in several portions, and swirl the contents of the flask — 
vigorously for about 30 seconds after each addition. If much heat is generated, allow suitable — 
" intervals for cooling between additions of the acid mixture. After the final addition of the “ 
Oa: acid mixture, set the flask aside for not less tha:: 30 minutes to allow separation, and then de- \ 
i ” amt the hexane into the prepared chromatographic tube. When the column has drained, 
ta wash the acid mixture in the flask with three successive 75-ml portions of hexane. For each © 
Bee _ washing, swirl the contents of the flask vigorously for about 30 seconds, and, after at least 
oe. __: 15 minutes for separation, decant the hexane into the chromatographic tube. (If emulsifica- : 
3 tion causes slow separation, it is sometimes advantageous to add one or two 5-ml portions of — 
amyl alcohol to the liquid, and, if necessary, to allow the final separation to take place — 
overnight.) Collect the combined drainings from the in the evaporator, and reduce 
Stir 8 g of silica gel into a thin slurry with hexane, and rinse the slurry 7 with more hexane 
ie into the glass tube containing the cotton-wool plug. Rinse the evaporator with a little 
ti hexane, detach the 25-ml flask, and rinse its contents into the prepared tube with a few milli- — 
ES litres of hexane. When the silica gel has drained, wash the column with four successive 15-ml 
re *, portions of ean, _ Reject the washings, and drain the column thoroughly by applying air 
ae pressure to the top of the tube. Elute the DDT by washing the column with four successive 
_ 15-ml portions of diethyl ether. Add 2 drops of propylene glycol to the ether solution, and — 
- o—-- the volume to a few millilitres in the evaporator. Remove the remaining solvent at 
™ ~ — means of a current of dry air, and stand the flask ona steam-b | 


— 
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Butler Warm. 25 g of butter and 50 ml of ina 100 ml until dissolution i 
complete. Cool the solution, allow the aqueous layer to separate, and decant the upper layer Se z 
‘ a glass tube containing a few grams of anhydrous sodium sulphate supported on a cotton- % 


wool plug. Wash the aqueous layer and the sodium sulphate with three successive 15-ml we oa 
portions of hexane, and collect the drainings from the tube in a 500-ml flask. From this 4 


point, continue as described above under “Fats, oils and fatty materials.” <a  &§ 


To 100 g of chilled milk in a 500-mi flas , Slowly add 50 ml sul- 
--phuric acid; swirl the contents of the flask during the addition. Cool, transfer the mixture | 

to a 250-ml separating funnel, rinse the flask with two 50-ml portions of hexane, and addthe _ 

- Hinsings to the contents of the separating funnel. Add 5 ml of amyl alcohol, and shake the 

_ mixture vigorously for 1 minute. After 30 minutes, run off and reject the aqueous layer, and 
rinse the hexane extract into the original flask with hexane. From this point, continue as — 
_ described under “‘Fats, oils and fatty materials,” but add 10 ml of concentrated sulphuric acid 


4 instead of 40 ml of of sulphuric acid mixture. 


-Non-fatty plant materials—Extract and purify the residues of chlorinated hydrocarbon 
- pesticides as previously described,® and transfer the final extract to a 500-ml flask. Continue a 
_ as described under ‘‘Fats, oils and fatty materials,” but add 10 ml of concentrated sulphuric na ‘ 
' acid instead of 40 ml of sulphuric acid mixture; also, use concentrated sulphuric acid instead ie 
of | fuming sulphuric acid in the preparation of the Celite 545 - acid column. 455 Sear ot Writing sa 


4 
Grain—It is necessary to treat grain as a slightly fatty material Extract u up to 50g 
- of ground grain with hexane in a Soxhlet extractor. Transfer the extract to a 500-ml flask, _ ? 
and continue as described under “Fats, oils and sinh materials,” y but add 10 ml of sulphuric aa 


ear 


Cool the flask, and to the residue, which should contain between 0-01 and 1 mg of DDT, 
f add 2 ml of nitration acid. Swirl the liquid, and transfer the flask toa steam-bath. After 

_ 30 minutes, cool the flask, and pour the contents into a separating funnel containing =. ; 
25 ml of water. Rinse the flask with about 25 ml of water and then with not more than 
10 ml of acetone, and add the rinsings to the contents of the separating funnel. Add 25 ml | 

of extraction solvent, and shake the stoppered funnel vigorously for 1 minute. Separate a 
and discard the aqueous layer. Add (10 ml of 5 per cent. w/v sodium hydroxide solution, = a 
and shake the mixture for 30 seconds. Separate and discard the aqueous layer, and repeat oe _ 
the washing v with 10-ml portions of alkali until the washings are virtually colourless. 5 — “ 


__ By pipette, place a suitable aliquot of the solution from the separating ; funnel in a wie fa 
stopper flask or weighing bottle, and evaporate to dryness at 40° C by means of a current 
of dry air. Stand the unstoppered flask on a steam-bath for 30 minutes, cool, and dissolve iq 
the residue in 1 ml of benzene (added by pipette in such a way as to wash down the sides Pa 
_ of the flask). Add 5 ml of ethanolic potassium hydroxide solution with swirling, replace the aS 


! stopper, allow the colour to develop for « for 4 minutes, and — the e optical density ¢ of the pat 
Solution i in a 1-cm cell at 600 my. 


Prepare a hexane solution 0- 04 me mg ’-DDT per ml. _By pipette, place 
1 ml of this solution in a 25-ml flask, evaporate to dryness at 40° C by means of a current of | 
_ dry air, and continue as described above with nitration and extraction. By pipette, take “a 
5-ml aliquot of the nitrated DDT solution from the separating funnel, and carry outthe — a 
colour development and measurement. Proceed similarly with further aliquots up to 10 ml oe 


4 


the solution, and a a graph c of densities of the 5- -ml against 


Technical DDT may contain up to about 20 per cent. « of op’-DDT, which gives a ‘i mn 
ZS colour in the colorimetric stage of the determination with about 60 ng cent. of la 
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: RROWDALE, JENKINS AND SHANAHAN DETERM {ATION 5 
ate : a ‘vsiaealiani involving measurement of the optical Senaiti of the coloured solution at two 
_ wavelengths (580 and 510 my) and the preparation of calibration curves for both pure 
isomers, as described by Wichmann, Patterson, Clifford, Klein and Claborn* and in the 
Association of Official Agricultural Chemist’s method? 


DDT ADDED TO FATS AND OILS 


pp’-DDT ask Apparent amount of pp 

found, Recovery, in untreated control material, 


1- 


Horwitz, W., , Editor, “Official Methods of Analysis of the Association of Official. Agricultural Chem- 
ists,” Eighth Edition, The Association of Official 1955, 
Wichmann, H. Si Patterson, W. L, Clifford, Pp Kieia, 
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d 28th, 1959 


By BR: . BORROWDALE, } R. H H. JENKINS an AND C, A. SHANAHAN 
(Central Research Laboratories, Richard Thomas & Baldwins ‘Lid., Whitchurch, A ylesbury, Bucks.) 
ss A study has been made of certain variables in a methyl borate distillation _ 
ss procedure for the determination of total boron in steel by the curcumin colour 
ats stir tool reaction. This has led to a procedure that can be used for plain-carbon and aE tered 
alloy steels. A single determination takes approximately 3 hours, assuming Edy M6 ett 
that the initial dissolution of the sample does not take longer than 30 minutes. baad 46 
Results are presented to show the accuracy and precision of the method $2 
when applied to boron contents between 0- 002 and 0- i a cent. in steels o 


Its high thermal-neutron capture cross-section makes it a most undesirable impurity in 

- atomic pile construction materials, and details of several investigations into the determination 

of boron have been by workers i in the atomic encegy. Thei iron end steel 
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OF BORON 1 IN PLAIN-CARBON AND . 


ted considerable attention to boron, i a 
presence of as little as 0-001 to 0-005 per cent. of boron can cause important differences in the _ 
mechanical properties of steel. Moreover, attempts are now being made to produce rimming = 
steel with boron stabilisation of the nitrogen content. 2 
In most of the published methods, a colorimetric finish is used, although spectro- 
graphic,!.2,3 polarographic*.> and fluorimetric® procedures have been described. The colori- 
metric procedures can conveniently be divided into two general groups. In the first group, 
the colorimetric reagent, ¢. g., , anthraquinone derivatives, such as quinalizarin, dianthrimide 
and carminic acid, is dissolved in concentrated sulphuric acid. Boron has been determined 
in high-temperature alloys’ by using quinalizarin and in aluminium® and titanium? alloys by 
using dianthrimide. In addition, certain steelworks laboratories prefer this group of reagents; be Wi 
a method has been recommended” in which quinalizarin is used, and recently the Methods of _ 
Analysis Committee of the British Iron and Steel Research — has bead a 


Procedure based on dianthrimide.™ 


_ The second group involves colorimetric res reagents that do not ‘require. ‘reaction with 


boron in concentrated acid to yield quantitative results. Curcumin is a well known example — 
of this group; it reacts with boric acid in alcoholic or aqueous media and has been used to 
determine boron in nickel, uranium," sodium,” silicon, germanium” and 
_ The method described in this paper involves a preliminary separation of the total boron 
as trimethyl borate by distillation and then a colorimetric determination with curcumin. 
It thus avoids the use of concentrated s sulphuric acid and a lengthy (16 hours") develop- 
ment Stage; a determination can be completed in approximately 3 hours if the initial dissolu- 
tion of the sample takes approximately 30 minutes. The method covers the determination of © 
total boron, and no attempt has been made to differentiate between acid-soluble and insoluble — 
boron constituer ts. _ However, since the sample is decomposed in dilute sulphuric acid under 
controlled conditions, the method can be easil adapted to treat acid-eoluble and ins ‘uble- 


(i) Determination of the a accuracy of the curcumin technique as judg ed by the 
shtior hee known amounts of boron to a solution corresponding to a typical distillate. saan 4 
out (##) A study of the efficiency with which the distillation process separates the boron ete 
_ Application of the to steel samp 
‘Tae CURCUMIN BORATE RE 
Chimside, Cluley_ and Proffitt! stated that the colour this reaction is in- 
“ fluenced by such variables as temperature, time of heating, proportion and manner of = 


| of reagents, etc., and they understandably made no attempt to examine all possible variations. 


We have found that, if strictly controlled conditions are maintained a determinations 
_ The first series of experiments was carried ‘out in the ataadiaie of methanol on a solution 
of a borate in sodium hydroxide. Known amounts up to 10 ml of a standard solution con- 


_ taining 1 yg of boron per ml and then 5 ml of 0-1 N sodium hydroxide were placed in clean dry 


80-ml platinum dishes of diameter 70mm. After they had been mixed, the solutions were _ 
evaporated to dryness on a water bath, and 1-0 ml of a 6 per cent. w/v solution of oxalic 
acid in 20 per cent. v/v hydrochloric acid and 5-0 ml of a 0-025 per cent. w/v solution of © 
curcumin in industrial ethanol were added to each residue. The solutions were mixed, and 


| then evaporated to dryness by floating the platinum dishes on a water bath at 55° + 1° Cc. 


Heating was continued for 30 minutes after free hydrochloric acid had been removed (as judged 


_ by odour). When cool, the residues were extracted with a (1 + 1) mixture of acetone and water 
and the extracts were accurately diluted to volume with the acetone - water mixture in 50-ml 
calibrated flasks. After they had been well mixed, the solutions were filtered through dry — 


filter-papers into 1-cm cells and the optical densities were measured with a Spekker absorptio- 


_ Meter, a mercury-vapour lamp and Ilford No. 605 filters being used. — Table I shows the seed 13 


of this series of xperiments (co ted for the blank value). 
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OF METHANOL ON concuun - BORATE COLOUR 


2 is 
of boron present, in absence of methanol 120 mlof methanol 


The distillate ‘teins a determination of boron in steel differs from the above conditions i in 
= - that it contains methanol. The second series of experiments was therefore a repetition of the 


_ first, but methanol was added to the alkaline standard boron solution. Previous work sug- 


_ therefore placed in each platinum dish. The results of this series of experiments are also 
_ shown in Table I, and it can be seen that reproducibility i is good if the evaporation conditions, 
etc. are kept constant. However, comparison of the two series shows that the presence of 
«aoe decreases the optical density for a given boron content by approximately 10 per 
cent. The presence of methanol, therefore, either suppressed the curcumin - - borate colour 
in some way or, more probably, ‘caused a loss of boron. It is reasonable to suppose that 
boron might be volatilised as methyl borate during the evaporation stage, as suggested by 
BB sv and Strickland.!”? Some workers have advised the addition of glycerol to prevent boron 

_ losses during evaporation with methanol, and a few experiments in which glycerol was used 
were made in the present investigation. Unfortunately, boron yields were not improved ; when 

’ glycerol was added to aqueous alkaline boron solutions in the absence of methanol, boron 


i, presumably owing to the higher needed for removal of 


Although the treatment of the distillate for the determination of deans with curcumin f 
“gave reduced optical densities owing to the presence of methanol during the evaporation — 
_ stage, the calibration graph of optical density against | boron concentration was reproducible. } 


of 20 per cent. v/v sulphuric acid (the amount of aqueous acid considered to be necessary 

‘< K for dissolution of a steel sample) and a known amount of standard boron solution were f 

es in a 600-ml boron-free-glass distillation flask. The flask was fitted with a boron- Ss 

ia condenser and a separating funnel through which methanol could be passed during 

a 9 distillation. Distillation was continued until approximately 125 ml of distillate had been» 

_ collected in a platinum dish containing 5 ml of 0-1 N sodium hydroxide and the residue 

ais ‘ in the flask was approximately 5ml. The distillate was treated as described ceeviouly. 

This procedure was repeated at several different levels of boron and the optical densities of 

the final solutions were measured i in 1- cells; results, corrected for the blank 


were as follows— 


Le ra < ‘Experiments were therefore conducted with known amounts of boron. Four millilitres 


was added to the flask and the distillation was resumed. ai 


LS = ‘tion of boron on the distillation ai . Additional boron was recovered when extra 
3 At this stage, it seemed obvious that a reduction in the size of the distillation unit would 


& a ot —— advantageous. Not only would a smaller flask and condenser be less likely to retain boron, 


but the use of less methanol would decrease the evaporation time of the distillate and thereby 
A. 3 tend to reduce any simultaneous loss of boron. The apparatus shown in Fig. 1 was therefore 


= constructed in silica, and distillation experiments similar to those already described were 


carried out with reduced volumes. The initial aqueous volume in the distillation flask was 
= aut to 1 ml of 10 per cent. v/v sulphuric acid and the volume of methanol was reduced | 
unts of boron were are shoy 
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aon they « co pare emai with the calibration aa ‘derived from Table I an 
show that the amounts of boron retained by the distillation assembly or lost by evaporation 
¢ the distillate are negligible. Some of the results in Table II are from experiments in which — 


volume in the distillation flask to 10ml. Further spednants showed that this volume 
could be increased to 2 ml, but large errors result \ whan the aqueous volume is greater than 
this, e.g., when 4 ml of water were added before distillation to a sample containing 10 pe 
of boron and distillation was continued until the in the flask was 2 mal, the 


DENSITIES AFTER DISTILLATION OF KNOWN AMOUNTS OF BORON 
Oe 


millilitres of were used in each distillation. measurements 


128-0 rrected optical Corrected optical Corrected optical 
boron added, ret distillation distillation = of methanol 


All optical-density values referred to above | have been corrected for reagent tank: values 
found by simultaneously carrying out identical manipulations with omission of the boron ah 
; additions. It was found that, although blank values were variable, consistently reproducible = 


| “hated resulted from the use of the same batches of reagents. — ~ Most of the blank value origi- a 


nated from the sodium hydroxide. It was not necessary to purify the reagents, as optical- — 
density blank values of approximately 0-025 (1-cm cell) could | readily be obtained from i. 


“While this work was in progress, Spicer and Strickland?” published results showing that 

" loss of boron occurs during the evaporation of the distillate unless 33 per cent. v/v of water is. 
erol is said to be necessary. Since this conclusion appeared 

to contradict our further were undertaken, the results of which are 


condenser tube, 


gs 


7 viously undoubtedly resulted from the ‘necessity. to use new batches of reagents, including — 


| curcumin, but the results in Table III confirm that losses of boron do not occur when the | 


‘small-volume distillation procedure is used. Although the addition of 20 ml of water is _ 
associated with a higher boron figure (see experiments Nos. 4 and 5, Table III), the increase 

7 can be accounted for by the blank value for water. The water was taken from an -: pe fl 
and the indicate a boron of 02 P. p.m. 
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OF WATER ON LOSS OF BORON DURING EVAPORATION OF ALKALINE SOLUTIONS 


final solutions were cells and corteted for the blank the f 
Amount of boron n present, 25 50 al 


differ slightly from those in Table II, and this is attributed to the use of 
oe ‘different batches of reagents; it shows the importance of checking a calibration whenever | 


_ Rew reagents are fon muiboe sd? mort 
“possible, be carried out in boron-free glassware. Apparatus should not be cleaned with 
Shri acid, soap or detergents; washing with hydrochloric acid and then thoroughly rinsing — 
Distillation apparatus—The apparatus (see Fig. 1) consists of a Vitreosil 100-ml distilla- 
tion flask with side-arm and a condenser constructed from a 12-inch length of silica tube of — 
6 mm internal diameter. The end of the condenser is fitted with a boron-free-glass funnel — 
that dips below the level of the distillate during distillation. The components are fitted 
a tapi the joints being covered with best-quality rubber tubing, and the distillation 
& is fitted with a good-quality cork. When new, the apparatus must be “condition ed” 
by carrying out two or three blank distillations, 
_—- Platinum dishes—The 80-ml platinum dishes used for the evaporation of methanol and 
a the development of the boron - curcumin colour have an internal diameter of 70mm and 
“J are 28mm deep. Stand new dishes in boiling concentrated hydrochloric acid for a few hours 
Water bath—Temperature control and standardisation of detail are alleged to be critically 
_ important during the colour-development stage. The water bath, which was fitted with 
- concentric cover rings, was 5 inches deep, 10 inches in diameter and electrically heated. Some 
om rings were removed to give a centrally positioned opening 4 inches in diameter and a wire ~ 
aes, framework was used to support the platinum dishes on the water surface directly beneath this 
opening. The water level was adjusted until the rim of a platinum dish was about 1 inch 
<e below the plane of the rings. The temperature of the water was maintained at 55° + 1°C. ' 
____ Absorptiometer—The colour formed with curcumin has an absorption maximum at 5400 a. 
_ The absorptiometer may be of the balanced two-cell type (selenium photocells), ¢.g., a Spekker 
instrument. For the range 0 to 10 ug of boron, use a mercury-vapour lamp, 1-cm cells, 
Ilford No. filters med No. ‘508 heat-resisting filters 
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Sulphuric acid, 20 per cent. v /v—Cautiously add 200 ml of sulphuric acid, sp.gr. 1-84, to 
ml of water, ‘and stir during the addition. Cool, and dilutetollitre. 
; 3 “ee Sodium hydroxide, 0-1 N—Dissolve 4-00 g of sodium hydroxide pellets i in water. Cool 
_ Oxalic acid reagent solution—Dissolve 00 of oxalic in 80 of water, 


Obtain a representative sample by one of the methods described i in n British Stated 
1837: 1952:Part 1. For boron contents up to 0-02 per cent., use a 2-5-g sample; for boron 


- contents between 0- 01 and 0-05 per cent., use a 1-0-g sampie; and for boron contents between eg q . 


0-04 and 0-1 per cent., use a 0-5-g sample. wu lod 
Transfer the sample (see Note) to a glass boiling-tube (7 inches x 1} inches), add 20 ml — 
_ of 20 per cent. v/v sulphuric acid,-and insert a cork fitted with an air condenser cating 
of a piece of boron-free-glass tubing 24 inches in length and ¥ inch internal diameter. 
After any initial reaction has subsided, place the boiling-tube in a beaker containing water 
_ at about 70°C. When dissolution appears to be complete, remove and cool the boiling- ‘abe, 
4 and rinse the condenser with 2 ml of water. Filter the solution through an acid-washed 
| Whatman filter-paper into a 50-ml calibrated flask, _and wash the filter-paper and any residue ~ 
_ with about 15 ml of water. (Note that filter-papers may contain small amounts of boron, and, - 
before use, should be washed first with a solution of acid or alkali of approximately the same Pau: 
| as the solution to be filtered and then with water.) Aa 
Weigh 1-00 g of anhydrous sodium carbonate, and sprinkle a little over the residue on the “ 
 filter-paper. Ignite in a small platinum dish at as low a temperature as possible, add the be 4 
_ remainder of the sodium carbonate, and fuse at 1000°C. Cool, extract the melt with 5 ml of — ia 
20 per cent. v/v sulphuric acid, and combine the extract with the aga filtrate. Dilute — 3 
By pipette, transfer a 1-ml aliquot of the solution to the distillation flask, add 40 0 ml of se 
tend surround the flask with a water-jacket, and heat. Collect the distillate beneath — ‘= 
‘ Ss surface of 5-0 ml of 0-1 N sodium hydroxide in a large platinum vectl . Continue the distil- 
lation until the residual volume in the flaskkis1 ml. 
if Stir the contents of the platinum dish with a platinum wire, and carefully evaporate 
methanol by standing the dish on a water bath or beaker containing water that is almost 
To the residue in the e platinum dish add 1-0 ml of oxalic acid reagent solution and 5-0 —_ = 
of curcumin reagent solution, mix, and float the dish on a water bath maintained at 55° + = ; 
_ 1°C. Evaporate to dryness, and leave the dish on the water bath for a further 30 minutes es 
after the odour of hydrochloric acid has disappeared. Rat 
Cool, and extract the residue by adding acetone - water mixture (1+ 1),a few millilitres 
at a time, and rubbing with a rubber-tipped stirring rod (any remaining small amounts of 
_ white material, soluble only with difficulty, can be neglected). _ Transfer the solution to a ) 
_ dry 50-ml calibrated flask, and dilute to the mark with the acetone - water mixture. me “i 
- thoroughly, and filter through a dry ¢ coarse filter-paper into a 1-cm cell. _ Measure the optical pee 
‘density against the acetone - water mixture with an absorptiometer fitted with Ilford No. 605 . 
F filters. Deduct the blank value found by carrying out the : procedure with the reagents only, ; 


and obtain the boron content of the aliquot by reference to a calibration graph. eae 
ee  Norg—When the s sample has a a low boron content or - when the amount of sample available is # 
a _ Timited, a smaller weight than that recommended can be taken and the solution can be diluted Be 5 
a: eR a lesser volume; alternatively, 4-cm cells can be used for optical-density measurements. If the latter batt 
ss Course is adopted, the calibration conditions must be modified and particular attention must be paid & 

to the blank value. i The recommended volume of 20 per cent. v/v sulphuric acid is such that al . 
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cites Dissolve 10-00 § g of boron-free steel in 250 ml of 20 p per sulphuric acid, ‘slightly 
Sig evaporate, transfer to a 250-ml calibrated flask, and dilute to the mark. Placea 25-ml portion i 
ce _ of this solution in each of five 50-ml calibrated flasks, and add, respectively, 0, 25,50, 75 
i a and 10-0 ml of standard boron solution from a burette. — Dilute each solution to the mark, 
Beth - Transfer a 1-ml aliquot of each solution, equivalent to 0, 2. 5, 5-0, 7-5 and 10-0 pe of 
added boron, to the distillation flask, add methanol, and continue as described under * ‘Pro- 
cedure.” Measure the - optical density of each solution in turn against the acetone - water _ 
mixture, deduct the value for the solution containing no boron, and plot a graph of absorptio- 
iy meter reading against micrograms of boron present. Note that this calibration procedure. 
2 _ corresponds to 1-g samples of steel having a boron content up to 0-05 per cent. The amount 
_ of iron in the aliquot used for « distillation is not critical — hs ies of sample weights 
Tables IV and V show the results found when the proposed procedure was applied to 
_ boron-treated low-carbon and alloy steels. Each replicate determination was carried out on 
eh a separate sample, é.¢., not on a different aliquot from a single solution of the steel, and the 
results therefore indicate the over-all precision of the method. Table IV includes two results 
% found after known amounts of boron had been added to the steel millings before acid ei nanan 4 
these results show that boron is not lost during the initial dissolution, = a awed) aa 


AMOUNTS OF BORON FOUND IN LOW-CARBON BORON-TREATED STEELS 


i 


"Stainless steel (16-5 per cent. of chromium, 8. per cent. of nickel, 1 per cent. of : 
molybdenum, 0-6 per cent. of vanadium and 0-4 per cent. of niobium) — 0-095, 0-094 ox 
 Low-chromium steel (2-7 percent. of chromium and 0-5 per cent. of molybdenum) 0-0024, o 0025 
High-speed steel (18-5 per cent. of tungsten, 10 per cent. of cobalt, 4 per cent. meet, 
Ofchromium, | per cént. of vanadium and 0-9 per of 


+: It has been shown that the determination of boron i in aqueous sodium hydroxide solutions _ 
containing methanol by colour formation with curcumin is influenced by the presence of 
ei large amounts of methanol during the evaporation stage. Spicer and Strickland’s’’ observa- a 
J tions on loss of boron during evaporation of the distillate were not confirmed. If the initial — 
:* dissolution of the sample does not take > longer than me minutes, a single d determination can be— 
One of us (J.B.) wishes to express his gratitude to members of the B.L.S.R.A. Physico- 
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et (National Physical Laboratory, Teddington, Middlesex) to brid 
neutron-activation method has developed for the determination of 
gmail percentages of tin in iron and alloy steels. The method is capable of a tues 
sensitivity 100 times greater than that of the chemical procedure, and it is 
possible to determine accurately tin contents down to 00001 per cent. in 
steels and 000005 percent.iniron, 
results agree with those obtained, for samples within the range 
Of the chemical procedure, by iodimetric titration of tin wee Leer as 


Many steels contain small amounts of tin troduced from raw. 
steels and ferrotungsten. The current interest in the effect of this impurity 
lurgical properties of steels has necessitated an examination of the accuracy of the nl 
found by existing chemical methods of analysis.1_ The chemical method is long and compli- 
cated, and the value of the results for samples having low tin contents is not known; neutron- 
activation analysis offered the possibility of checking the results by an independent technique. ae he 
fae _ The activation procedure adopted is no more complicated than the chemical method, and a ‘a 
chemical separation of the radioactive tin is more rapid. A further advantage is that loss oftn 
_ during the chemical separation does not affect the accuracy of results by the activation method . - 


3 a correction is applied for percentage recovery; this is not so in the chemical method. _ pl 


Pe: For alloy steels, the lower limit of the activation method is governed by the constituents Sy 
_ of the alloy, the major interference being caused by tungsten. In most samples ara . 
- Tess than 10 per cent. of tungsten, the lower limit for tin is 0-0001 per cent., but, for tungsten 
, contents above 10 per cent., the lower limit increases to 0-001 per cent., owing to the handling — 
| ‘difficulties arising from the high activity of tungsten. _ For high- -purity iron, the lower limit 


$ determination of tin is 0-00005 percent. 


|= 
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carrier. In order to prevent loss of tin by volatilisation of stannous chloride, the temperature — 
ge was not allowed to exceed 65°C. The procedure adopted for chemical purification of the tin a 
ae began with a sulphide precipitation to remove the carrier containing the active tin from the 
_ matrix. The precipitate was dissolved in hydrochloric acid, and quadrivalent tin was separ- 
E: ated from elements forming acid-insoluble sulphides by precipitation of these sulphides from 
hydrofluoric acid, which formed a complex with the tin ions, probably SnF,?- ~.2 The fluoride 
3 oe: complex was destroyed with boric acid, BF,- being formed, and the tin was precipitated as 
a _ Stannic sulphide. The scavenge in hydrofluoric acid was repeated twice more to ensure radio- 
a yon chemical purity, and the final precipitate was separated by filtration, mounted and counted. 
7 _ Since the initial results were erratic and f-emission from the tin-121 was rather weak 
- an 0 *3 MeV), the possibility of self-absorption in the stannic sulphide precipitate was examined. — 
ae A solution containing radioactive tin was prepared, 5-ml portions of which were added to’ 
carrier solutions containing 5 , 10 and 20 mg of tin, and saturated with | hydrogen sulphide. — 
_ The stannic sulphide precipitates were separated on 2-cm filter-papers, washed, dried and 
ae counted under similar conditions. The precipitates were ignited, and the stannic oxide was 
crushed, slurried on to weighed counting trays with ethanol, dried, weighed and counted. 
_ Substantially all the tin was recovered from each solution ; the results were as follows— — ~ 


4 


- 


_ Activity of SnS, precipitate, counts per minute . 8445 2854 


Activity of SnO, precipitate, counts per minute 1193 ; 


‘The! lower activity of the stannic oxide was 5 due to the period between countiiig as sifphide 
and oxide. _ Self-absorption of the low-energy B-particles was obviously greatly increased 4 
thicker layers of stannic sulphide, but was negligible with thicker layers of stannic oxide. 
_ The method of preparing the tin carrier for counting was therefore ‘modified to include ignition 
_ Ahigh proportion of radioactive impurities i in the tin carrier decreased the accuracy y of the 
be villa when samples having low tin contents were analysed. To remove any activity caused ; 
- by iron, a ferric hydroxide scavenge was included in the method. The stannic sulphide — i 
"precipitate from the final sulphide treatment was dissolved in hydrochloric acid, 10 mg of 
_ Iron carrier were added to the solution and oxidised with bromine water and scavenging a 
carried out in a medium containing an excess of sodium hydroxide to keep the tin in solution — 
as stannate. 2. This ferric hydroxide scavenge greatly reduced the level of radiochemical j 
z me impurities. _ When it was applied to the second stannic sulphide precipitate, the level of radio- 
= 9 impurities in the precipitates from a third acid - sulphide scavenge was negligible. _ 
‘ _ The preparation of a standard for comparison of the count rate against that of a | known 
im mass of tin was similar to the later stages of the separation of tin carrier from the sample 
matrix. Care was taken to ensure that yields of tin from the standard and sample were similar, 
and the aliquot of active tin in the standard was adjusted to give a count —— to that of — 
After separation, , the recovered tin. carrier ‘was counted at 24-hour in to 
ie obtain the slope of the decay curve; this was extrapolated to zero time to give the uncorrected 
od ‘count for tin-121. Counting was continued for 10 days in order to determine the activity 
caused by long-lived isotopes of tin and radiochemical impurities. The tail of the decay q 
curve was extrapolated to zero time and the value so obtained subtracted from the un- 
corrected tin-121 activity. In all determinations, the half-life of the corrected decay curve 
was 27 hours, which corresponds to tin-121. Examination of the stannic oxide source with 


a a gamma-ray spectrometer showed | no . evidence of the presence of arsenic-76, which has a 
_ half- life similar to that of tin-121. The slope of the decay curve for the standard closely 


A followed the pattern of that of the sample and was analysed as described. aI pr The ae 


total counts, as shown by the results 

alloying elements govern the amount of active sample that can handled with 
om A safety, and the conditions chosen for irradiation were such that tungsten was the only element 
- to cause handling difficulties during the early part of the radiochemical separation. No 
ban _alloy-steel samples having a known tin content less than 0-021 per cent. were available for 
re analysis; the lower limits of determination have therefore been calculated from the count 


fatesin Table I. The results in Table I show that of tin in a sample can be deter- 


ssolved.in: dilute hydrochloric acid in the presence of tin 
The irradiated sample was disso 
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IN IRON AND ALLOY STEELS 


4 handled, Po ieee limit of determination is 0-00005 per cent. of tin. For alloy steels contain- 
a ing up to 10 per cent. of tungsten, a 1-g sample can be handled and the lower limit for tin is _ ‘: 
—0-0001 per cent., but, at tungsten contents above 10 per cent., the amount of sample must be af os 
decreased to 0- 1 g and the lower increases to 0-001 per cent. of 
| OF DECAY-C ‘CORRECTION FOR VARIOUS ALLOY-STEEL SAMPLES 


‘Initial activity 


of oftn Maj counts per curve 

sa: 


le, le, te ti 
4percent.of Cr 
22 per cent. of w a 
per cent. of Cr 
12 per cent. of Co 
4 
4 per cent. of Cr 
per cent. of V 
05 per cent. of Cu 


oft per cent. of W he 


0-017 020 34 5 t. of C 1450 10 


0-5 per cent. of W 
purer 
per cent. of W 
| 18 per cent. of Cr 
: 2 per cent. o 


1-5 per cent. of Ti 


SOLUTIONS — 


_ Irradiate the sample at pile factor 10 9 (108 ne neutrons per sq. cm per eanien for 6 hours, — 

and allow to decay for 24 hours. Dissolve in a mixture of 10 ml of 5 N hydrochloric acid and 

2 ml of tin carrier solution at a temperature not above 65° C. . Oxidise with bromine water, a 
boil, spin in a _ centrifuge, and discard any residue. _ Add ammonia solution until the pre- cai 

-_cipitate formed is soluble with difficulty, saturate with hydrogen sulphide, spin in a centrifuge, — ae 

_ and discard the solution. Dissolve the precipitate in 1 ml of hydrochloric acid, and oxidise ~ Es & ; 

the solution with bromine water. Dilute to 10 ml with water, spin in a centrifuge, and discard Re aj 


any residue. Saturate the solution with vee sulphide, spin in a centrifuge, and discard 


water dropwise. Add 4 “* each of copper, antimony and molybdenum carrier solutions 
(bromine should still be in excess) and 0-5 ml each of sulphuric and hydrofluoric acids. Dilute — 
to 10 ml with water, pass hydrogen sulphide into the solution for 2 to 3 minutes, spin in a 
_ centrifuge, and discard the precipitate. Add 1 ml of hydriodic acid, heat at boiling-point —__ 
for 1 minute, saturate with hydrogen sulphide, spin in a centrifuge, and discard the precipitate. _ 


_ Add 1 ml of lanthanum carrier solution, stir, aie in a centrifuge, and discard the precipitate. a 
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 ,aa10: 10 -™ ot saturated boric acid solution, saturate with hydrogen sulphide, 
t fuge, and discard the solution. Repeat the entire acid - sulphide scavenge step. Dissolve 
me - the precipitate in 1 ml of hydrochloric acid, and add an excess of bromine water. - Dilute to 
15 ml with water, and add 1 ml of iron carrier solution and an excess of 10 N sodium hydroxide, 
boil, spin in a centrifuge, and discard the precipitate. Just acidify the solution with hydro- 
chloric acid, saturate with hydrogen sulphide, and separate the precipitate on a 2-cm Whatman 


‘No. 40 filter-paper. Wash the precipitate with water containing hydrogen sulphide, with — gy 


~ ethanol and then with ether. Dry the precipitate and filter-paper. Place as much of the | 
a - as possible in a porcelain crucible, and carefully ignite to stannic oxide. Crush 


the stannic oxide, transfer it, as a slurry with ethanol, to a weighed aluminium counting tray, 


oo dry at 110°C, and weigh (the recovery of tin can be calculated from the weight of stannic 


Convert the activity to weight of tin by comparison with a standard sample prepared as 


ollows. Irradiate 2 mg of pure tin at the same time as the sample. Dissolve i in hydrochloric — 


acid, and make up the soluti 


solution to give a recovery similar to that from the sample. — “Saturate the solution with a 
hydrogen sulphide, separate the precipitate by filtration, and continue in the way Geacribed 


Bart ie  _ By the courtesy of Mr. B. Bagshawe, Brown - Firth Research Laboratory, Sheffield, a 
_ series of alloyed samples was made available for examination by the proposed method. 
. wee The major constituents of these samples are shown in Table I, and experienced analysts had 
determined the tin contents the chemical method. “The results, together with 
content by chemical method, % 0021 0-042 133 0-015 016 0028 025, 


Tae content t by Proposed method, 0046 0017 00) 017 veal oO 0-030 0-027 


‘The ‘was out as part of the general research pro programme of the 


_ National Physical Laboratory and is published by ee of the Director e the Labor- 


1. British Standard 1121: Part 7: 1948, and Part 20: 1951. ¢ 
2. U.S. Atomic Energy Commission A Los Alamos, 1954 


(Research Department Imperial Chemical Industries Lid., Metals Division, 
Simple ‘modifications to an existing semi-micro vacuum fusion 
ss Ihave been made; these overcome the ‘ ‘gettering” effect of manganese and 
permit oxygen to be determined satisfactorily i in titanium - manganese alloys. Stak 
=) ss A 80-mg sample and about 10 mg of tin are placed inagraphitecrucible =~ 
containing about 5g of platinum. The crucible is heated in an evacuated ixtog 
system for 10 minutes at 1500° C in order to volatilise the manganese and the ~ ; 
- temperature of the bath is then raised to 1880° C to effect qualitative con- 
ania ond version of oxygen to carbon monoxide. 


agotitive 
metals containing alloying amounts of manganese. Shas 


he In the determination of oxygen in n metals by vacuum fusion and a . graphite bed,? iron ‘bath? 
a platinum bath, it is well known that difficulty may be encountered owing to the “gettering” 


_ effect of metals having high vapour pressures at elevated temperatures, ¢.z., aluminium, 


ranapo 


The procedure should also be suitable for application to many peri 
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When a semi-micro ‘method v was used, 45 no difficulty was experienced i 
_ the examination of titanium - aluminium alloys, such as LCI. 317 (containing 5 per cent. of — e “i 
aluminium and 2-5 per cent. of tin) and I.C.I. 318A (containing 6 per cent. of aluminium and Sees: 
3 4 per cent. of vanadium), presumably because the amounts of aluminium involved are in- 
sufficient to exert effect. However, the method is not to titanium - 


‘The presence of manganese in these causes considerable of carbon monoxide, 
. and oxygen recoveries are invariably low and erratic. The oxygen contents of these alloys 
" can be satisfactorily determined by bromination or chlorination,*.? but, by either of these | 
with about twenty when the semi-micro vacuum fusion method is used. = 
ie Booth and Parker,? who used the semi-micro platinum-bath method, state that the a 
addition of tin to the platinum bath has a noteworthy effect in suppressing volatilisation of — : 
| beryllium and that, with this simple modification, oxygen can be satisfactorily determined in oa 
beryllium metal. "This modification was previously used by Walter’ in determining oxygen 
| in titanium, the intention being (a) to cover any film of titanium metal formed onthe crucible 
lid, etc., , thereby Preventing absorption of carbon monoxide, , and (0) wat the tin should — 
Inorder to a 1 satisfactory method for determining oxygen in tition - manganese 
alloys, experiments were made to study the effect of added tin on the recovery of oxygen, © 
and, in subsequent tests, manganese was volatilised below the melting-point of "7 at 
about 1500° C, 
sp of the semi-micro vacuum fusion procedure as to titanium, zirconium 
certain other metals have already been described.*5 Briefly, the apparatus is evacuated at ’ 
= a satisfactory blank value has been obtained, the sample, weighing about 30 mg, is — 
" dropped into a bath of molten platinum contained in a heated graphite crucible. The evolved | 
i are rapidly transferred to a collecting system and analysed by a procedure involving _ 


pa fis veerg only about two determinations can be completed in a working day ‘compared — 


differential peers: measurements; about twenty samples can be examined without dismant- 
ad; preliminary experiments, the effect of adding about 10 mg of tin with ain sania of 
titanium alloy was studied; a sample of commercially pure titanium, containing 0-115 
_ per cent. of oxygen, was examined after every second alloy sample in each series of tests. -_ ok ie 
_ Substantial increase in oxygen recovery was observed in ee of tin, but a were P 


—— _ Each vertical column represents a series of tests — ham 


y No. 1 008 


in the of results for o oxygen. However, it was noted that, 
in the absence of tin, the reco of oxygen from those samples 0 of commercially pure t titentum 
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_ This indicated that carbon monoxide was largely absorbed during volatilisation of manganese — 
t high temperature and not, as previously supposed, by the film of manganese deposited on 
the furnace walls. The possibility of recovermg oxygen quantitatively from manganese- q 
S a containing samples by pre-volatilisation of the manganese at a temperature lower than that _ 
required to convert oxygen to carbon monoxide was therefore 
01 OF OXYGEN IN PRESENCE OF MANGANESE— 
Samples of commercially pure titanium cc containing 0-105 per -cent. of n, each weighing 
- about 30 mg, were examined both with and without the addition of 10 mg of electrolytically | 
‘pure manganese. Twelve determinations were made in each series of tests (a) by the normal — 
semi-micro method, and (b) by a modified procedure in which the sample and manganese were 
added to the platinum bath at 1500° C, and, after 10 minutes to allow the manganese to vola- 
ae _ tilise, the temperature was raised to 1880° c for 3 minutes. The crucible lid was raised during 
ee _ the entire period of these tests to allow free volatilisation of ‘Manganese. The results of these 
= subsequent tests on samples of (814A | alloy are shown in Table II, from which it can be 
seen that the effect of manganese was considerably reduced and, “provided that about 10 mg 
of tin were added with each sample, absorption of carbon monoxide by volatilised manganese 
_ was negligible. The amounts of oxygen in the added manganese and tin, 0-015 and 0- 004 
a ay per cent., respectively, were determined by this modified procedure and, when possible, fr 
7 corrections were applied. Commercially pure standard samples of titanium and zirconium 
__ Further tests were made on several samples of titanium - aluminium - manganese alloys 
cf by the modified procedure, about 10 mg of tin being added with each sample; the results were — 
= satisfactory (see Table III). Recoveries of oxygen from samples of 314A alloy were in good — 
rs re agreement with those by the chlorination procedure.’ Results by the proposed procedure 
__ therefore support the validity of the chlorination procedure; this has not previously been 
_ possible, , because of the inability to provide reliable results _ for oxygen in the ¢ manganese- 


| but incomplete. | 


samples of 314A and commercially pure were used 


— 


ot 


Titanium 10 of manganese 


— 


Alloy 2. 
Zirconium 
Allo 


examined immediately after manganese-containing samples was substantia 
4 
| 
F 
a 
Be 4 
§ 4 


& 


ko 


n 


ao 


Identical samples of ated pure titanium were used throughout _ 


oxygen found by— 


Je 


Alloy 
__ 


2 Bi 


* This alloy contained 4 per cent. each of aluminium and manganese. 
t This contained 2 per cent each of aluminium and manganese. 


? ‘The semi-micro vacuum fusion proceduret, 5 can be satisfactorily applied to the deter- 
mination of oxygen in titanium - manganese alloys, _provided that the sample (30 mg), 


_ This modified procedure should be to other metals, as zirconium, niobium 


and tantalum, containing alloying amounts of manganese. 


a. __ We thank Mr. W. T. Elwell, Chief Analyst, I.C.I. Metals Division, for helpful ceca 
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The Determination of Tungsten as 
“‘Tristricn 12- ‘Tungstophosph ate 


By C. C. MILLER anp D. H. ‘THOW 
(Chemistry Department, The University, Edinburgh 9) 


-Tungstophosphoric acid, which? is used for determining various a 


acid apparently occurs a solution containing sodium tungstate and Aes 
_ excess of sodium phosphate is acidified with mineral acid, a method of Bq os 
_ Conditions have been established for the determination of 10 to 200 mg of — ae 
tungsten as tristri-n- butylammonium 12-tungstophosphate in 0-25 to 2 70 
~ hydrochloric acid. The degree of accuracy is reasonable. Nitric or sul 
phuric (but not perchloric) acid may be substituted for hydrochloric acid. 
_ Considerable amounts of calcium, cobalt, copper, manganese and nicke 
bith a= _ chlorides and lead nitrate and large amounts of sodium chloride, nitrate and 
sulphate can be tolerated in solutions containing the corresponding acids. = 
| WHEN tungsten is removed from mineral acid solutions as tungstic acid, its separation may be 
| partly because soluble complex acids, especially heteropolyacids, readily form. 
Cinchonine or some other organic basic substance is usually added to precipitate salts of these © 
- complex acids and to assist separation of tungstic acid; some of these substances form com- — 
.—- with tungstic acid. Since mixed precipitates invariably result, they are ignited and = 


and co- soediaialad matter. The only way to obtain a reasonably pure weighable comaiex 
i ee would apparently be to convert all the tungsten to a single heteropolyacid of definite constitu- _ 
_ tion and to precipitate this acid. Simpson and his co- -workers* showed that, in presence of 4 
- 8 to 172 times the amount of phosphate required to form 12- -tungstophosphoric acid, tungstate 
could be precipitated from an acidified solution by means of cinchonine, presumably as fe 


i = cinchonine 12-tungstophosphate, since the ignition product corresponded to P,O,. 24W0;. 


Silicon, phosphorus and arsenic are the commonest elements associated with formation — 


of soluble heteropolyacids containing tungsten. Conversion of tungsten _ to tungstosilicic 
ee acid might be accompanied by objectionable production of silicic acid. | Since silicon and ~ 


3 arsenic can be easily removed from materials and phosphorus c cannot, 1 12- -tungstophosphoric — 
Bie 12-Tungstophosphoric acid is a well known precipitant for alkaloids and other organic 
__ substances containing basic nitrogen. Kahane and Kahane* obtained well defined anhydrous 
_ compounds at 100° C from a large number of primary, secondary and tertiary amines, aryl- 
- amines, amino acids, quaternary ammonium salts and baberatilie: bases. With choline, the 
_ same product was obtained in hydrochloric acid under widely different conditions, whereas, 
es _ with certain alkaloids, diamines and bases containing several nitrogen atoms in the molecule, 
the products varied with the conditions of precipitation. All experiments related to deter- 
mination of the organic substances. 
oe __ Amine complexes of cobalt, nickel, copper and chromium also form insoluble products with 
12-tungstophosphoric acid; these products are of indefinite composition, because they are 
formed i in solutions of low acidity i in which partial degradation of the heteropolyacid occurs.‘ 
__ Amines themselves usually form precipitates at higher acidities. For maximum precipita 
ten a of simple bases there is an optimum acidity, usually from pH. 3 to 1, but, for a series of 
homologues, this optimum acidity becomes less marked as the molecular weight increases. 
_ For alkaloids, maximum precipitation occurs at an increasingly higher noms as molecular 
weight increases. For cinchonine, 0-5 to 1 N acid is best.5 Py 
___ We have studied the precipitation of tungstophosphoric acid from r 

o a number of organic bases and particularly with tri-n-butylamine, for which conditions 

for forming a weighable have been established. 


Lambie? proved that 12- -tungstoarsenate was similarly precipitated by cinchonine. 
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‘ -.. Ten per « cent. solutions of various organic basic substances and quaternary ammonium 
salts, which were not specially purified, were prepared in dilute hydrochloric acid or in water 
_ A few drops of each solution were added, with stirring, to 2 ml of a hot solution containing 2 m 

_ of sodium tungstate, 0-8 mg of disodium hydrogen orthophosphate and sufficient hydrochloric — 
_ acid to make the solution 0-1 or 15 .N. Each precipitate was spun in a centrifuge, and a 
_ portion of the supernatant solution was tested for tungsten with toluene-3:4-dithiol. — Prom 
a ising reagents were quinoline, isoquinoline, 2: 4-dimethylquinoline, 8-hydroxy- and 5: i 
dibromo-8-hydroxyquinoline, __benzylphenyldimethylammonium chloride, cetyltrimethyl- 


chloride, 4: 4’-tetramethyldiaminobenzophenone, tri- -n-butylamine and cincho- 
nine. The degree of precipitation with diethylenetriamine, triethylenetetramine, trieth p 
-anolamine, tetraethylammonium hydroxide, piperazine hydrate and 2-chloroquinoline was _ 
unsatisfactory. With some of the former group of substances, quantitative experiments were ae a 
—— made on larger amounts of solutions approximately N in hydrochloric acid and Sat Ng 
_ containing 200 mg of sodium tungstate. Precipitates were collected, dried at 105°C and ep 


_ weighed. Portions were then ‘ignited to tungstophosphoric oxide and weighed. The ratio — 
) ~©of the molecular weights calculated for the b products obtained at 105° C to those expected for — 


Ratios WEIGHTS CALCULATED FROM EXPERIMENTAL RESULTS TO THOSE 

gf aot Formula for anhvarous Molecular weight from experiment 

Reagent lex 


| Cetyltrimethylammonium chloride 


certain are shown in Table I; these results s suggest t that definite com- 
_ plexes are formed. Solubility losses were about 1 per cent. for all reagents except quinoline, __ 
i for which the loss was greater. Cetyltrimethylammonium chloride formed extremely slow- _ 
filtering precipitates, and 5:7-dibromo-8-hydroxyquinoline formed sticky precipitates that 
_ changed markedly in appearance when set aside. The complexes formed with 8- -hydroxy- 
quinoline and cinchonine absorbed moisture. The last four reagents in Table I were also 
- applied to the determination of 5-mg amounts of tungsten in 100 ml of solution; yields were — 
OP ge _ Tri-n-butylamine, which formed easily filterable precipitates that did not adhere 


a _ to glassware, was selected for further experiments, in preference to the much more medaneiau 
PRECIPITATION OF TUNGSTOPHOSPHATE BY ‘PURIFIED TRI- n-BUTYLAMINE— 


ak the composition of precipitates. To 240 ml of solution containing 0-5 g of tungsten, as — 

| sodium tungstate, and 0-32 g of disodium hydrogen orthophosphate were added 10 to 11 ml © 

| of 6 N hydrochloric acid. To the boiling solution, 25 ml of a 2 per cent. w/v (3 per cent. in — 

2 experiment No. 3, see Table II) solution of tri-n-butylamine in 0-25 N hydrochloric acid were 
added dropwise, with stirring. The mixture was digested at its boiling-point for 15 minutes — 
and cooled in an ice - water mixture for 1 hour or left overnight. The precipitate was then © o 

; collected in a sintered-porcelain crucible and washed, first with an ice-cold 0-5 per cent. solution Oe : 
of tri-v-butylamine in 0-25 N hydrochloric acid and finally with a little water. Heatingwas om 

4 effected as indicated in Table II, in which all figures have been adjusted to be equivalent to. ae. a 
_ exactly | 0-5 g of tungsten. " Precipitates were transferred to platinum crucibles for ignition Rees 
in order to avoid permanent contamination of 

; __ The results in Table II indicate essentially complete precipitation of tungsten and ul 


ti- 
mate formation of 12-tungstophosphoric oxide. Precipitates heated at 105° to 150° C a in 
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1 NIUM TUNGSTOPHOSPHATE | DERIVED 
500mg of tungsten = 779 mg of (CH o)sN- = 647 mg of P,0,.24WO, 


Weight of precipitate after heating at— Amount of 


‘Experiment 105°C 150°C for 200°C 800°C found in 


No. for 45 for 1 hour, for 3 hours, 1 hour, filtrate, 

ie Filtration after 1 


784 


782 m 


bd * Heated at 215° C for 1 hour. t Heated ¢ at 215° C for 18 hours. “he t 


_ impurity, supposedly a tri-n-butylammonium salt. In experiments Nos. | 5 a 6, pre- 
_ cipitates were heated immediately at 215° C to expedite removal of the impurity, but removal 
fed of the last traces was still slow and there was probably slight decomposition | of the oe . 


became noticeable at 250°C, the loss-being2mg perhour, 


quae Portions of the precipitate formed in experiment No. 3, in which the product obtained 
after heating at 105° C was significantly heavier, were utilised for several tests. A 123- -mg 
>  caenples was heated in a Stanton recording thermobalance, and the results are shown in Fig. 1. 


as s hours at 210° C was ‘adopted i in subsequent experiments, _ Although the initially white pre- 


a cipitates might become slightly discoloured or blackened at the edges, no important weight 
change appeared to be involved. In other 60-mg portions of precipitate, 1-40 per cent. of 


nitrogen was found by the Kjeldahl procedure under conditions in which tri-n-butylamine gave 
theoretical results for nitrogen. [(C,H,)3N- contains 1-22 per cent. of 
_ The excess of nitrogen is equivalent to 24 mg of the amine or 29 mg of its hydrochloride 
ne 500 mg of tungsten ; the’: recorded weight loss of the ‘precipitate b between 105° and 200° Ci is 


a “Effect of heating a “sample of 


ammonium tungstop! hosphate ina thermobalance 


Amin that had been cooled over calcium chloride absorbed 0-25. 25 per cent. of 
a. water when exposed to an atmosphere of 50 per cent. humidity. Crucibles should therefore | 


be cooled in a desiccator. Insufficient attention was paid to this matter in the experiments 


Formation OF 12-TUNGSTOPHOSPHORIC ACID ‘FROM SODIUM TUNGSTATE AND ares, | 
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grade 12-tungstophosphoric a acid, containing approximately 08: per cent. of were 
_ determined as the tri-n-butylammonium complex in presence of 0-25 N hydrochloric acid, — 
q both with and without extra phosphate added as orthophosphoric acid. In further portions, 
the complex acid was fully degraded (pH >9) with a small excess of sodium hydroxide solu- 
tion , more phosphate, as disodium hydrogen orthophosphate, was added, if desired, the — 
_ solution was acidified with sufficient hydrochloric acid to make the free acid 0-25 N and tung- 
-sten was precipitated as before. The results are shown in Table III, from which it can be seen 
that no marked difference exists between determinations made directly with 12-tungstophos- — 
5 phoric acid and those made after degradation and re-formation of tungstophosphoric acid — 
bs additional phosphate was added after degradation. As we did not need to use a mini- 
mum amount, we did not examine the effect of less than a ten-fold excess. The filtrate in 
_ experiment No. 3 contained 0-3 mg of tungsten; the filtrates i in the other experiments each 


contained 0-2 mg of f tungsten. 4 


Weicuts OF TREM- BUTYLAMMONIUM TUNGSTOPHOSPHATE OBTAINED SIMILAR 
PORTIONS: OF F 12-TUNGSTOPHOSPHORIC At ACID SOLUTION 


N as P one obtained, 


85 Solution made alkaline and rapidly re-ai 


precipitebék from experiments Nos. 1 and 2 were ignited and fused with sodium 


carbonate, and phosphate in the fusion products was determined spectrophotometrically as 
_ vanadomolybdophosphate® at 440mp. Tungstate influenced the absorption, but was > " 
, = for by inclusion in the standard solutions. The amount of phosphorus found > 


in 311 mg of precipitate was 2-89 + 0-01 mg, and the same amounts of precipitate obtained _ 
om tungstate plus gave 2: 2-90 mg. The amount is 2-81 

Sa As far as possible, use materials of "recognised analytical- reagent grade . Purify tri-n- 
utylamine by fractional distillation twice at atmospheric pressure and collection of i 
raction boiling between 206° and 209° C at a pressure of 760 mm, or, better, purify by vacuum 
istillation and collection of the i: aed liquid os between 83 83° and | 88° Cc at at a pressure 


 Tri-n- butylammonium chloride solution—Prepare daily a 2 per cent. w/v solution of tri- 
‘wbnigiemios by shaking the purified amine with just enough diluted hydrochloric acid to 

Tr- -n-butylamine wash solution— —Prepare a 0-1 per cent. w/v solution of the purified — 
_ Sodium tungstate solution—Prepare a stenidast solution from anhydrous sodium tungstate, — 
_ the tungsten content of which has been checked. We used Specpure tungsten trioxide (99-99 _ 
per cent. pure) as reference standard. Weighed portions of ignited material were converted © 
to sodium tungstate by fusion with sodium carbonate. In the solutions therefrom and in _ 
solutions prepared from weighed amounts of sodium tungstate, was 


pis To about 50 ml of solution, containing 10 to 2001 mg g of tungsten, : as ss belt ee Se ¥ 


and at least 85 mg of phosphate (PO,), as disodium hydrogen orthophosphate, gradually add = oe . 
6 N hydrochloric acid (this concentration is not critical) with stirring until the pH is about 2, ay s 

- and then add 4 ml of acid in excess. Dilute to 100 ml with water. Heat the solution almost aire 
to its dd 10 mi. of 2 2 per cen t. w/v chloride solution, wi 
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‘ining. and continne, to heat for 15 minutes or until the precipitate has 

_ in an ice - water mixture if filtration has to be carried out after 1 hour, or set aside overnight in 

a cool place. __Filter the solution through a fine-pore sintered-porcelain or glass crucible, one 

_ wash the precipitate with a minimum amount of cold tri-n-butylamine wash solution and ‘then 
with a little cold water. Heat the precipitate for 2 hours at 210° C, cool in a desiccator, = 


bins proposed method and modifications thereof were applied 1 to portions stein 


aN tungstate solution in order to ascertain the extent to which various factors could be altered 
oo without adverse effect on the recovery of ee: _ Phosphate in excess of 85 mg was added, | 


=50m mg g of tri- 


tungsten taken, Hydrochloric amine tungsten 


taken, as acid present, used, at 105°C, = found, 

200- 85 4 02 8140, 318-7 811-8, 311-1 hy 199-9, 199-8 


15-9, 15-8 (164 (98, 


eae: og fy Masts at low acidity, recovery of 10 mg of tungsten is not quantitative from solutions | 
ai that have been set aside for only 1 hour before filtration, even if a large excess of precipitant — 
has been added. For 200 mg of tungsten in presence of 85 mg of phosphate, the maximum — ; 
se ef permissible acidity is 1 N. Precipitates set aside overnight before filtration give acceptable { 
results for 10 to 200 mg of tungsten in up to about 2 N acid, even in presence of much more t 
phosphate. An increase in the amount of tri-n-butylamine has comparatively little influence 
ns on recovery of tungsten, but contamination of precipitates is increased. Heating at 210°C 
a reduces all weights to an acceptable level. Greater initial contamination of precipitates also . 
Bie! % occurs at higher acidities. In general, when larger amounts of phosphate are present and 
acidity is high, precipitates containing large or small amounts of tungsten should be set aside 
overnight before filtration. The amount of tri-n- -butylamine : suitable for ‘precipitation — of 


The results of experiments in nitric or sulphuric a acid, precipitant and wash solution ible 


‘prepared i in the same acid, are shown in Table V. acid has a effect 
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tungsten. Nitric acid exerts no hindering effect, but the le overnight fr from 200 mg of tungsten — 4 
had « a brownish colour, which was associated with a small positive error. 


a5 


acid 


1 ae 


197-6* 200-3 
$0 199-6 200-4 


; than 1 mg of tangsten was detected in filtrates. Sodium salts have no significant. 


amounts of perchloric acid cannot be used because it forms a with the 

ol amine. With 200 mg of tungsten in 0-2 N perchloric acid and addition of amine hydro. : 
“ chloride, the error in the weight of precipitate obtained after the solution had been set aside ~ 


 forl hour before filtration was+-0-9mg- 
effect of various metallic chlorides (except for lead, when lead nitrate and nitric 4 


+f q acid were used) ‘on the precipitation of tungstophosphate is shown in Table VI. In — a5 

fs ; experiments, 850 mg 0 of f phosphate were present and the various salts were added to acidified 

Erect OF VARIOUS ELEMENTS ON DETERMINATION OF 200-0 n mg OF TUNGSTEN _ 

Amount of Amount of tungsten found by— “filtrate 

Element 


added, procedure A,* procedure B,t A,* procedure B, 


* Precipitation from N hydrochloric acid; set aside before ; ie 
t from 0-25 N acid; filtration after 1 hour. 
tie ah age large : amount of sodium chloride } has no adverse effect. Of the other elements tested, 
a only chromium causes serious error under the conditions of procedure A, despite the large 
_ amounts added; somewhat smaller amounts would probably be without influence. ~ Chromium — 
hinders precipitation of tungsten and, when a large amount is present, grossly contaminates ca 
i the precipitate, which is yellow in colour. To a much lesser extent, copper and cobalt a 
other elements examined, ‘molybdenum a as molybdophosphate forms “precipitates” 
i. with the amine under the various conditions used for tungstophosphate. Alone, vanadium faa 
as does not react, but, in conjunction with forms orange pre- 
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Wes are indebted to Dr. R R. A. Chalmers, . ‘besitos University, for recording the thermal | 

_ behaviour of tristri- -r-butylammonium tungstophosphate, and to the Gemec Chemicals 

"for supplying a sample of ‘diethylenetriamine. te 
pal pet 
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The effect of the spectrum of ee on the ‘measurement 
“ae the fluorescence of very dilute solutions has been investigated. The Raman eters 
add ss spectra of five commonly used solvents have been recorded with a spectro 
fluorimeter. Solvents such as water, ethanol or cyclohexane, which contain ‘4 
hydrogen atoms, show an intense Raman band at a wave-number approxi- 
, mately 0-3 reciprocal microns lower than that of the exciting light. This can a 
= sit Nie produce an appreciable distortion of the fluorescence spectrum of a ony 
: - fluorescent substance at a concentration as high as 0-1 wg per ml. For que ae 
_ weakly fluorescent substance the effect is correspondingly greater. In filter 
at high the Raman col rise to an increase 
the blank if secondary filters are not properly chosen. 
_ THE development of sensitive fluorimeters has now reached the iil at , which the limit of 
fy me sensitivity is set not by the minimum intensity of light detectable by the equipment but by 


the 1 magnitude of the blank obtained in any particular determination. This blank includes" r 


= only fluorescence caused by traces of impurities in the solutions being measured but also 


j 


from the source eat a also passed by the secondary filter system may 
_ also include a contribution due to fluorescence of the secondary filters by exciting light 
‘scattered from the solution or cuvette. Such errors can be avoided by the use of efficient 
_ monochromators for isolating the exciting and the fluorescent light. A further source of 


. a fluorescence is the cuvette itself. This interference can be minimised by careful — 


design of the geometry of the cell compartment so that the parts of the cuvette irradiated by 


_ the exciting beam are not “visible” to the detector, but it is difficult to reject completely all — 
_ the fluorescent light from the cuvette, and for work at high sensitivity it is necessary to choose _ 
for the construction of the cuvette a matenial having the minimum fluorescence (¢.g., syathetic ; 


? All the above-mentioned effects can in ‘theory be reduced to negligible proportions by 


Suitable design of equipment, purification of solvents and choice of suitable materials for — 


_ cuvettes. There still remains one effect that cannot be overcome in this way, namely, Raman 
- emission from the pure solvent. This appears at longer wavelengths than that of the exciting 
light and in some circumstances can cause serious interference when very weakly fluorescent 
solutions have to be measured. Some were carried out to he 


tivity, resolution and than that described. The detector was an E.M.I. 
(type 6256B) < was from a supply; 
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“the voltage ld be svaeted continuously, so as to provide the desired photomultiplier sensi 


| tivity. _ The exciting light was chopped at 800 cycles, and the output from the photomultiplier — : 


to one arm of a ratio recorder. The beam of exciting light passed through a clear fused-quartz — 
; plate, which served to deflect a small proportion of the beam on to a fluorescent screen Pe 
_ monitor,? the amplified output from the monitoring photomultiplier tube being passed to the 


} other arm of the ratio recorder, which thus recorded the ratio of fluorescence intensity to ie 


d intensity of exciting light. ~ The purpose of the monitor was two-fold; firstly, it served to 
_ compensate for fluctuations in the intensity of the source, and secondly, i in the measurement 
of fluorescence excitation spectra, it automatically compensated for variation in the quantum — ie 
- output of the exciting source with wavelength, so that the true excitation spectrum was 
i __In general, the use of monochromators to disperse both exciting and fluorescent light leads 


: to greatly reduced over-all sensitivity, owing to the large amount of light lost during this 


double dispersion. However, it was found that, by using the highly sensitive 13-stage photo- 


multiplier and quartz-prism monochromators of moderate aperture (Hilger D247), sufficient 
4 sensitivity could be obtained to record the main features of the Raman spectra. 


A schematic diagram of the apparatus has been published previously,? and only one or 7 


two points of particular interest need be described here. A synthetic-silica cuvette was used ie a] Pe 


could be made on 2 ml of liquid, or less if a smaller slit height (and hence lower intensity) was — 
accepted. A 1-kW high-pressure compact-source mercury lamp was used for measuring — 
fluorescence emission and Raman spectra and a Siemen’s xenon arc lamp, type XC, for measur- _ 


es (lcm x 1 cm optical depth and 5 cm tall). When the full slit height was used, measurements 


_ . excitation spectra. With both lamps, the light was focused on the entrance slit of the hae 


_ exciting monochromator by means of a small short-focus quartz lens. For isolating the mer- ere 

 cury lines, comparatively wide slits were used (i.e., 0-5 mm at 248, 313 and 365 mp and 

0-25 mm at 436 my), the slits of the fluorescence monochromator being kept at 0-25 mm. For — 

_Tecording excitation spectra, the slits of the fluorescence monochromator were opened to 

% , mm (the half-band width at 400 my was approximately 0-1 ~*) and the slits of the exciting _ ; 

monochromator were then varied to- keep the light intensity approximately constant (the 

half-band width varied generally from 0-02 at low wave-numbers to 0-08 u-"). The tet °a 

_ intensity available (einstein per minute x 10°) when the mercury lamp was used, as measured. 

by the ferrioxalate actinometer,** was approximately as follows—2 (248 my), 25 (313 =). ¢ a 

100 (365 my) and 50 (436myp). The available the xenon 

1x 10° "einstein per 1 minute. 


4 [RAMAN SPECTRA OF SOLVENTS 
; 


= 


‘the is scattered in all directions at A much smaller 
is scattered at changed frequency, the frequency differences, as compared with that of the | { 
exciting light, corresponding to rotational or nuclear vibrational frequencies of the molecule. fey 
These frequency shifts are therefore constant for a given substance and independent of the — a 
exciting frequency. Most of the Raman emission occurs at frequencies lower than that of th 


eu of both lines and bands,’ but, at the low resolution used in spectro- 
-fluorimeters, only the most prominent bands are likely to give rise to interference. Thus Re 
water produces a prominent Raman band corresponding to a shift in frequency of 0-32 to a 
0°36 which appears as a sharp peak in the fluorescence spectrum (see Fig. 1). Todetermine 


4 the relative magnitudes and positions of the most prominent bands, recordings were made with be, 
five representative solvents (water, ethanol, cyclohexane, chloroform and carbon tetrachloride), _ 2) 
} four different mercury lines being used for excitation (248, 313, 365 and 436 my). No special = ao: 
precautions were taken to remove the last traces of fluorescent impurities from solvents (water & 
and ethanol were doubly distilled, and the others were commercial spectroscopically pure by 
; - materials). _ The results obtained at 313 and 365 my are shown in Fig. 1, the Raman peaks — <a 
being distinguished from fluorescence by the fact that their positions altered with the fre- ; 
quency of the in a manner that the vemained constant. 
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= "Bach m _ promin m inant band instances the two most prom: 
Table I, from which it can be seen that, within the shifts 
independent ofthe frequency oftheexciting light. 

__ It can also be seen from Table I that all solvents containing hydrogen atoms show a band 

in the region of 0-3 that of ethanol a subsidiary inflexion on the low wave- -number 


tate 


4 


toa 


‘ (e) and (f), 365-myp light: curve A, oot 


. side, possibly owing to the presence of both CH and OH bonds in this dibicnanaia: aa | 
‘Hexane shows the narrowest and most intense band, in almost exactly the same position as _ 
is! wt: ‘, ‘the ethanol band. Both ethanol and cyclohexane also show a subsidiary double peak corre-_ 
ponding to a smaller shift (¢.¢., in Fig. 1 at higher wave-numbers). 


72 


Each recorded value is the mean several determinations 
 Brequency shifts with exciting light at— Mean 


-1 

0-292  O292 0298 0290 0-292 th 


0-287 $0287  $O291 0-285 0-288 
tet 135 0132 
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| 0 ‘07 yw". A similar band is shown by chloroform, which also has a band in the region of 


a 


SPECTROFLUORIME 
The ‘position of the more intense of these two peaks is also indicated in Table Sein 


"tetrachloride shows no significant bands at large frequency shifts, owing to the absence of 
hydrogen atoms. The main band is close to the scattered light, the separation being only 3 ee: 


03 at, ‘although this is less intense than the main bands of the other solvents containing _ a 


bt ‘In NTERFERENCE WITH FLUORESCENCE EMISSION ‘SPECTRA 


a II shows, for each : solvent, the position of the main Raman band that would 
_be observed when various mercury lines were used for the excitation of fluorescence emission — 


| "spectra. _ From this Table can be judged the the likely i interference i in any particular ar application. 


OF MOST PROMINENT RAMAN BANDS CORRESPONDING TO MERCURY 
Wavelength of main Raman band produced by. exciting light at 


267 B44 


Carbon tetrachloride 


The main band of tetrachloride i is at a so to that of the exciting light 


_ that it is unlikely to interfere with the fluorescence spectrum, and, from this point of view, = 
: carbon tetrachloride is the most satisfactory solvent to use in high-sensitivity cnet a 


_ metry - least at the longer wavelengths above its cut-off). The high- “frequency band of 


“ 


27 26 25 23 ITIT201918 


quinine sulphate in 0-1 N sulphuric acid 


by Raman band of water): curve A, water 
alone at low sensitivity; curve B, 0-1 pg per 
ml at same sensitivity; curve C, 0-033 
4 Shaler? ml at increased sensitivity; curve D, 
0-01 er ml at still greater sensitivity 
eneent is less intense than those of the other solvents, and it is thus likely to give rise to 
less interference than water, ethanol or cyclohexane. — The magnitude of interference by the — 


3 Raman spectrum of water can be judged from Fig. 2, which shows the fluorescence spectra 


- E ~ of three dilute solutions of quinine sulphate in 0-1 N sulphuric acid, the mercury line at © 


365 mp being used for excitation. At this excitation wavelength, the main Raman band of 
water occurs at 416 and thus overlaps the edge of t the spectrum | of quinine. 
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the sensitivity used i in centrated {solution (0 (0-1 ug per 


itt: ml, curve B), the scattered-light peak at 365 my was still on scale and the Raman band of the 


a se pure solvent was small (curve A). When the sensitivity was increased to record the spectra | 


_ of the more dilute solutions, the Raman band became increasingly prominent (curves C and 

Its integrated area corresponds to about 0-001 yg of quinine sulphate perml. 
ine The Raman band is much narrower than the fluorescence band of quinine sulphate and i is 
thus prominent when fairly narrow spectrometer slits are used (as in Fig. 2). If, however, a 

_ spectrofluorimeter of somewhat lower sensitivity were used to record the fluorescence emission 
_ spectrum of an extremely | dilute solution of quinine sulphate, it would be necessary to. open 
the slits of the en to obtain sufficient light (the corresponding reduction in resolving 


- 


4 


Fig. 3. Effect t of slit width on fluorescence 


Raman spectra when 0001 yg per ml of 
quinine sulphate in 0-1 N sulphuric acid is 


am a of 0-25 mm; curve B, slit ‘width of 1-75 


power being acceptable, since quinine band is very broad). narrow 
ban and would then appear to be considerably broadened and might be mistaken for part of the — 
< structure of the quinine band. This is shown by Fig. 3, in which the spectrum of a sukstion 
_ containing 0-001 pg of quinine sulphate per ml has been recorded both with narrow slits a 
am _with wide slits. The interference could be allowed for by making measurements on the 
solvent alone, without the addition of quinine, but it might not be obvious that the inter- 

a _ ference was caused by the Raman effect and not by fluorescent impurities in the solvent. If 
= purification of the solvent itself were being studied, it would not be possible to carry out 
D oe such a blank measurement, at least without carrying out further purification procedures on the 


: es a and in such circumstances it would be important to recognise the secondary band as 


being caused by the Raman effect. That it was indeed so could be checked by measuring the 

_ fluorescence spectrum obtained with a shorter excitation wavelength ; the fluorescence band of 
_ the quinine would then remain in its normal position, but the subsidiary band would move toa 
or shorter wavelength, its frequency difference from that of the exciting light remaining constant. 
_ At the resolution used in recording the spectra in Figs. 1 and 2, it is comparatively easy to 
ee spot the interference by the narrow Raman spectrum when superimposed on a broad fluores- 


a cence spectrum. The interference becomes more troublesome when superimposed on a . 


fluorescence spectrum showing vibrational structure. For tracen Fig. 5 shows the fluor- 
It can be 
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“seen: that the narrow Raman band of the mibenennigleaiie distorts the 


_ of the most dilute solution, which appears to have an additional vibrational band. — Apprec- 
€ 4 iable distortion of the spectrum occurs up to concentrations of anthracene as high as 0-075 pg 
per ml. When fluorescence emission spectra are used to identify very low concentrations of — 
& unknown materials, it is obviously important to keep the possibility of such — 


a 


with fluorescence monochromator set at 397 my: curve A, 7, 
= solvent; curve B, 0-007 #g per ml; curve C, 0-025 pg sito, yh 


J. 


_ Emission spectra of anthracene in cyclohexane © 
excitation of 365 my: curve A, pure solvent; curve B, 
0-025 wg per ml; curve C, 0-05 pg per ml; curve D, 
- constantly in mind. Here again, a measurement of the pure solvent will indicate the mag. 
i nitude of the interference, or, if this is not possible, the use of a different wavelength for 
excitation will indicate those bands caused by Raman spectra. pra 
Fig. 4 shows the excitation s spectra of two dilute solutions of anthracene in cyclohexane. 
| These spectra should, of course, be identical with the absorption spectrum of anthracene in — 
; ‘the same solvent,? but are in fact distorted by the band at 2-81 u-, which appears in the 
~ excitation spectrum of the solvent itself. In these experiments, the fluorescence monochro- __ 
- mator was set at 2-52 p-1 (397 my) with comparatively wide slits. The fluorescence mono- _ 
_ chromator was thus set up to receive the Raman spectrum of  eyclohexane produced by exciting 
_ light of wave-number 0-29 y-! greater than this value, i.c., 2-81 y-. As the wave-number = 
- setting of the exciting monochromator passed through the region near 2°81 po, the corre- 
sponding Raman emission was thus picked up by the fluorescence monochromator and 
~ recorded as a band, as indicated. Owing to the wider slit widths used when excitation * 
‘ cae are recorded, the Raman spectrum appears as a somewhat broader band in this _ 


instance. That the interference is caused by the Raman effect can be demonstrated by — * 
varying the setting of the fluorescence monochromator; the Raman band appearing in the 
excitation spectrum will shift acnondingly. 6 


fluorescence measurements are made with light of 365 my filtered from 
_ a mercury lamp by means of, for example, an OX1 glass (effective cut-off at about 400 my), Ot; 
it is assumed that, to avoid ‘Interference by scattered is simply 


ij. 


INTERFERENCE | WITH FILTER FLUORI 
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avoid a high blank aan from this band when working at high sensitivity, the secondary 
filter must not transmit below about 430 my. Similarly, if the mercury line at 405 my is" 
used for excitation (Raman band for water at 469 my), the secondary filter must not transmit — 
- appreciably below about 480 my if high blank readings are to be avoided. In some circum-— 
_ this means that the choice of secondary filters can be critical and the rejection of part 
ee “= the required fluorescence band of the substance may have to be accepted. The fluori- 
metric determination of minute amounts of borate by reaction with benzoin to form a fluor- 


escent compound is an example of this. Fluorescence of the borate compound can readily 


oe excited by light of wavelength 365 my, and the fluorescence emission spectrum of a solution 
containing 0-004 yg of boron per ml is shown in Fig. 6. Maximum emission occurs at 2-1 y-* 
_ (approximately 480 my) and is well separated from the Raman band of the mixed solvent, 
ay appears at 409 to 416 mys on the extreme edge of the emission band. A poe sl 


Fig. 6 Fig 7 

Fig. 6. Emission spectrum of borate - benzoin solution (alkaline contain- 

ing 0-004 yg of boron ml; exciting wavelength 365 
Fig. Emission ‘spectra of borate solution in alkaline aqueous - alcohol (0-00 004 , pg of boron 
per ml); exciting my: curve A, before addition of benzoin; curve B, after addition 


creat 


the Raman effect. For various aa it is advantageous t to use the mercury line at 405 n my + 
a. excitation. Unfortunately, the boron compound absorbs much less strongly at 405 my. 
ee The intensity of fluorescence at a given intensity of exciting light is therefore much lower, and, 
a: n in comparison, the Raman band of the mixed solvent is relatively much greater. This is 
_ shown by Fig. 7, in which the emission spectrum of the same solution was recorded before and — 
_ after reaction with benzoin. Before reaction, the double peak caused by the mixed ethanol - | 
_ water solvent is clearly visible and appears at a point not far removed from the wavelength f[ 
of peak fluorescence emission from the boron compound. Asa result, the spectrum of the latter q 
__ is considerably distorted, and, to avoid a high blank reading from the Raman effect, the 
4 _ secondary filter must be chosen to cut off at a wave-number not greater than 2-08 y.-* (480 my). 
_ results in a lower over-all sensitivity, but fortunately this is owing to the 


er having zero transmission below 410 my. Howeve 

nec 

but 

flu 

| flu 

exe 

| ins 

a 

| 

| 


APPLICATION oF RAMAN SPECTRA 


work, it is difficult to achieve accurately reproducible instrumental sensitivity from day to — 

owing to slight drifts in photomultiplier E.H.T. supply or to drifts in the amplifier system. Be, 

_ It is therefore customary to use a dilute solution of a standard substance, e. me quinine sulphate — 

| in sulphuric acid, to set the instrument at a given sensitivity level. In so doing, it is of course» 

"necessary to standardise the slit widths of the two monochromators and the wavelengths i 

used for excitation of the standard substance. The substance to be measured m may require 

i different wavelengths for excitation and different settings of the fluorescence monochromator, 2 

; but it is still possible to use the same standard substance by setting on the standard with the 
_ fluorescence monochromator at one wavelength and then measuring the unknown after the si 

fluorescence monochromator has been altered to the second wavelength. Similarly, when the ‘ 
excitation wavelength has to be altered from standard substance to unknown substance, the © 
instrument can be set on the standard substance at a given irradiating intensity, as indicated — 
by the fluorescence screen monitor, and, when the excitation wavelength is altered, the AT 

_ intensity of the exciting light can readily be brought back to the same value by adjustment ema) 

g of the slit width of the exciting monochromator. However, when many spectra have to be | 

ty _ recorded and both monochromators have to be re-set between measurements of standard and — 

| unknown, the various adjustments required can be somewhat time-consuming. If, however, _ © 

_ the instrument is working at high sensitivity, so that the Raman spectrum of the solvent g ar 

is readily observable, the Raman band can be used as an internal standard, since at any given i 
wavelength of excitation and slit settings of the monochromators, its height at constant — 
_ instrumental sensitivity will be constant. If, therefore, recordings of solutions are made on 

different days at different instrumental sensitivities, the results can readily be converted to 
_ the same basis by comparing the relative heights of the Raman band. — _ The necessity for ay 

making measurements on a standard substance isthusavoided. = | 

‘The apparatus used for the work described was designed to measure fluorescence excita-_ - 

_ tion and emission spectra. _ The optical path through the liquid had been kept toa minimum 
_ (1 cm) in order to minimise the volume of sample required and the inner-filter effects that can ad 
occur when fluorescence measurements are made on mixtures of strongly absorbing substances. , 

_ The design was therefore far from ideal for the observation of Raman spectra, for which the Aa 
observable optical path through the liquid should be as long as possible. The ability of 4 i 
spectrofluorimeter to resolve the various features of a Raman spectrum can be used as a 
measure of its sensitivity and resolution. A rapid recording of the Raman spectrum of, say, _ 
cyclohexane, provides a useful check to show that all components of the apparatus are —— 
satisfactorily. To a lesser extent, measurement of a Raman spectrum could be used tocom- 
pare the performances of different instruments in different laboratories, although the maxi- 
mum sensitivity that could be used would, of course, depend on the degree of os 
_ applied to the amplifier output and hence on the time taken to record the spectrum. Little 
damping was applied in the work described, and an appreciable noise level appeared on the 
recorder charts. An approximate spectrum could be recorded in 1 to 2 minutes, but, to 

| obtain greater precision in locating peaks, the recording time was increased to about 5 minutes ~ 
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ADDITIVE EFFECT OF SUBSTITUENT GROUPINGS ON 
CHR OMATOGRAPHIC BEHAVIOUR OF PHENOXYACETIC 
aghy 


(Presented at the meeting of the Society on Wednesday, April st,1959) 
tT has for some time been recognised that chromatographic behaviour may be dependent * 


_ The effect of the number of substituent groupings on one Ry values of a series of compounds 


_ has been shown to be additive.!.? _ As graphs of Ry, i.¢., logy9[(1 — Ry) /Ry), against the number of © 
_ substituent groupings were linear for many series of compounds, e.g., hydroxy compounds,? carbo- 
hydrates,*** amino acids*.* and carboxylic acids,’.*.* we decided to investigate the behaviour of 
phenoxyacetic acid and some substituted phenoxyacetic acids” in various solvent mixtures” 


q 


4 
f 


; errs. he effect of the pH of the solvent system on th ae » Ry values of amino acids was pointed out by CHI 
z noe Consden, Gordon and Martin,” who indicated that an increase in pH rendered the acidic substances" a 
oa more soluble in the stationary layer, thereby decreasing the R, value, and that an acid pH caused _ 
the basic acids to behave in an analagous manner. Sitti Say At 
VF if _ Brown" found that the Ry values of some lower fatty acids in systems containing n- butyl § 
a ie alcohol and various am amounts of ammonia decreased as the PH of the solvent increased. SS a 
. tori 0-0025-ml portion of a 1 per cent. w/v solution of each acid was placed on a sheet of Whatman — 
1 filter-paper that had previously been treated with ammonia vapour, | all 
The acids were chromatographed in the machine direction of the paper by an ascending age 
technique for 133 hours at 20° ont}. is aval the 


oe | ‘The chromatograms were developed with a 0-04 per cent. w/v solution of bromocresol purple 
ae” a (1 (1 A 5) mixture of formaldehyde and absolute ‘ethanol that had been brought to pH 5 #; 

_ The acids appeared as yellow spots on a purple background, which rapidly faded, but was 
periodically regenerated by exposure toammonia vapour, | 
ue _ Astandard solution of phenoxyacetic acid was also applied t to each sheet; those sheets on which 


. ae e. the Ry value for the phenoxyacetic acid varied by more than 0-02 from a pre-determined mean 


The appearance of the spots altered with each solvent. In n-butyl alcohol saturated with 


defined and En w n- ‘alcohol with 3-0 N ammonium 
_ the spots again had a comet-like appearance, the tail being in the direction of the flow, i.e., preceding 


ye 
a i = Graphs of Ry against number of substituent g groupings s for these acids were linear for the three 
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o-Chlorophenoxyacetic | 0-804. 412 0: 156 


0-469 | 054 0-501 
¢ n-Butyl alcohol saturated with 1-5 N ammonium thet 
4 n-Butyl alcohol saturated with -0 N ammonium hydroxide. 
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The Series OF phenoxyacetic acids Invesugated, we Dave found ti in Table I 
q as the amount of ammonia in the solvent system was increased; the results are 
oF Ry AND Ry FOR PHENOXYACETIC ACIDS IN 
> 
— 
0242 
0-087 
— —0-002 
— 
tay 
— 


Bate- Smith, E. C., and Westall, R. Biochem. Acta, 1950, 4, 427. 
French, D., an Wild, G. M., J. Amer. Chem. Soc., 1953, 75, 2612. 
Levy, M. F., Anal. Chem., 1954, 26, 1849. 

Serchi, G., Ann. Chim. Roma, 1953, 43, 253. 
6. J., Med. Viaam. Chem. Ver., 1953, 15, 66. 
Lo A. G., Quayle, J. R., and Stedman, R. J., J. Chem. 1951, 2197. 
d v., and Zahradnik, R., Chem. Listy, i954, 48, 1189. gins 
9. Reichl, E. R., Monatsh., 1955, 86, 69. 

10. Consden, R., Gordon, A. H., and Martin, A. J. P., Biochem. -J 1944, 38, 224 
ll. Brows. “Ibid., 1947, 47, 5. 
12. Reid, R. L., and Lederer, M., Ibid., 1951, 50,60. itd 

Saifer, A., and Oreskes, I., Anal. Chem., 1953, 25, 1539. 


- the subject of chromatographic behaviour was lamentably poor. He deprecated the very widespread use 
_ of the “hit and miss” technique even in some of the world’s leading laboratories. The procedure of trying 
all the reagents as eluants until a satisfactory one was found was in his view deplorable in this enlightened © 
age. Sooner or later the whole matter would have to be put on a theoretical basis. Finally he asked Me 
he the authors whether they had considered the variations in the solubility of the various phenoxyacetic acids hoe 
in relation to their behaviour on elution. In spite of theories to the contrary, it had been his long experience _ 
- that plain solubility played a most important part in nearly all chromatographic separations and provided — 
not only a simple explanation of the behaviour of different solvents but was also a useful —— in selecting 4 == 
a a Mr. BARK agreed that great consideration had to be giv en to the choice of solvent. They had briefly 
investigated the solubility of the acids used in some of the lower alcohols and had found that, in general 
the solubility of the acids decreased with increase in molecular weight of acid and of solvent. = 
ez _ However, when they used the lower alcohols, in which the acids were reasonably soluble, as eluting agents, * 
_ the spots produced on the chromatograms were not of uniform shape and were not considered standard | i : 
. enough to enable accurate measurements to be made. . Since one of the major parts of the work was an ail 
_ attempt to obtain standard conditions, the solvent that gave the best shaped spots was considered to be : = 
the best. For this reason n- butyl alcohol had been chosen as the base of the solvent systems. ~~ 
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“THE SEPARATION AND COLORIMETRIC DETERMINATION OF sae 


__IN PRESENCE OF COPPER AND 


ins at the» meeting of the Society on Wednesday, A pril Ist, 1959) z re 

RECENT investigations in this laboratory, into ‘the differential extraction of copper and cobalt 

with dithizone at different pH values! have shown that this method is not altogether reliable, | 
P A system was investigated whereby the metals were first extracted at pH 8 with a solution 4 
, 8-hydroxyquinoline (oxine) in chloroform. The chloroform extract was evaporated and ashed, © 
and the residue was submitted to paper-chromatographic Scare _ After location of the cobalt 


was determined colorimetrically w with nitroso-R salt. 
The purpose of the oxine extraction was to separate copper, cobalt, zine, iron, 


a chloroform-soluble oxinates. The extractable oxinates groduce an ash of 1 ‘low bulk Sool 
can be dissolved in a volume of 0-1 to 0-2 ml, the whole of which can be quantitatively applied - 
_ _Under the conditions described below, separations and recoveries were excellent, and the 
method was found to be quantitatively | applicable to 0-5 to 50 yg of cobalt i in 3 seeayes wd copper — 
and nickel, in amounts from to and a large excess of iron. 
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REAGENT. 
 Oxine solution—A 1 per solution of in chicroform, 
ee Solvent mixture—Mix 15 volumes of be 2 methyl ketone, 3 volumes of concentrated hydra 


era Rubeanic acid solution—A 1 pe ent. solut 


r Bes ‘ Shake ‘vigorously with 25 ml of oxine solution ra 5 minutes, allow to separate, and run off 
te chloroform layer into a silica crucible. - ‘Place the crucible on a bath of boiling water, and 
————_. Repeat the oxine extraction until the chloroform layer is colourless, and add the 
‘successive washings to the crucible. When all the chloroform has evaporated, carefully ash the 
——- in the crucible, heat to dryness with a little aqua Tegia, and dissolve in 0-1 to 0-2 ml of 


—24 em 


Pencil line (guide for of test solution 


> ‘With a capillary pipette, the whole of solution to a sheet of chromatography paper 
ro (see Fig. 1). Clip the paper into a cylinder, and place it in a beaker containing 20 ml of solvent 
mixture. Cover the beaker, and set it aside until the solvent front has progressed about three- 
- quarters of the way up the paper. Remove the paper, dry i in air for 5 minutes, and neutralise 
in ammonia vapour. Spray the paper v with tubeanic acid Solution. ‘The cobalt zone © will be Ff 
observed as a yellow band midway between. the up upper copper band (olive green) and the eo _ 
im the paper, cut out the appropriate section, and ash it at 550°C. Treat the ‘ash with § 

regia, and wen. it in ‘cobalt colorimetrically with 


the amounts are less than zones may not be plainly 


: visible. In such instances, it is recommended that a parallel “‘tracer strip,” 1-5 cm wide, be incor- 
ze porated in the paper. To this strip, apply 0-01 ml of a solution containing about 2 yg each of 
copper, cobalt and nickel fter colour this will clearly indicate, he positions 
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nd dilute to between 
Place an aliquot of sample solution in a 200-ml separating funnel, an 
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as 1 Meili 38 H. R., and Dewey, D. w., Austral. J. Exp. Biol. Med. Sci., 1940, 18, 346. ing 


Mr. Nn. T. asked and the were dry-ashed, and, if 
MR. DUFFIELD. replied that ‘the oxinates w were dry ashed at 500°C, after very careful preliminary 
4 heating in which ignition to flames had to be avoided. Under those conditions no serious losses occurred. 
The second ashing, that of the paper chromatogram, should be a wet ashing, as appreciable losses had 
| experienced with dry ashing. 7 This applied particularly to copper. ght 
ti Mr. C. WHaLLEy confirmed that t the separation was satisfactory but did not like the second oa a 
§ of the paper before the determination of cobalt. This definitely caused losses. He also said that he had 
_ had difficulty in getting the paper into the correct state of humidity to carry out the separatio 
at attempts had been failures. The water content of the paper was very critical. 


¥ Mr. DuFFIELD agreed with Mr. ‘Whalley’ s comments on the two ashing procedures: wet ashing the 


. importance of strict pow gust to the specific recommendations of Hunt, North and Wells (Analyst, 1955, : 
80, 172), viz., 3 minutes at 80°C. Satisfactory results had also been obtained with 30 minutes at room — 

4 


. H. HAMENCE commented that in.his experience it was not so much the humidity of the chromato- | 


gt oui paper that was critical as the proportion of moisture in the developing or eluting reagent. Hehad — 
found that only by the use of freshly prepared eluting reagents were satisfactory results obtained. Dr. —_ 
ee -Hamence also raised the question of the extraction of the copper, cobalt and nickel by a chloroform solution 


ie of 8-hydroxyquinoline when a large proportion of iron was also present. His experience was that this _ 


often caused trouble, and it was difficult to decide when the extraction of the metals to be determined __ 
had been completed. a He pointed out that this problem often arose in dealing with highly Secaginees 
_ soils, and the problem of determining a few parts per million of cobalt in ferruginous soils containing, sk el 

Say, 20 per cent. of iron oxide was by no means an easy matter, even by metallurgical methods. = 

f bi? Mr. DuFFIELD ¢ agreed with Dr. Hamence’s remarks on the stability of the developing solvent: it was 

3 his own practice to mix the components freshly for each individual chromatogram. Up to three papers © 
could be run consecutively in the same solvent mixture provided that the chromatographic vessel was _ 


and that there was no appreciable time lag between runs. 
a As to the oxine extraction of soil ashes, it could only be assumed that copper and cobalt had been ~ 


pletely extracted when a colourless chloroform solution was obtained. For soils that were ~~ oy 
i -ferruginous, this could indeed give trouble. The situation did not arise with the general range of crops, 


No! NON-AQUEOUS TITRATION OF PHENOLIC 


‘Wuen the total phenolic hydroxyl content of coal-tar or pitch fractions i is determined, , it is import- 
ant to bear in mind that these substances would be expected to contain mixtures of monohydric 

-and polyhydric phenols having wide molecular-weight ranges. Hydrogen-bonding, which is be- 

lieved to play a major part in determining the physical characteristics of tars and pitches, may result “4 
in a large proportion of the phenolic hydroxyl being relatively inaccessible to chemical reagents, and oe 
esters and other oxygen- may affect the determination. 
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pyridine with antimony indicating electrode and platinum reference electrode. 


ethylenediamine with anodised platinum indicating electrode and reference 


On the basis. of titration of a tar-acid fraction and resorcinol, the first system was selected as 


deing the best combination; equilibrium was rapidly established when ‘commercial pyridine was 
eee cused, and results of high sensitivity and reproducibility were obtained. = = =~ 
es ‘The procedure was similar to that used by Katz and Glenn!; og apparatus used has been 
described elsewhere.2* About 0-1 g of sample was dissolved or suspended i in 20 ml of solvent and 
; x - titrated potentiometrically, in an atmosphere of pure nitrogen, with 0-2 N sodium aminoethoxide 
Ee ethylenediamine, the titrant being added in 0-1-ml portions. After each addition, the sample 
: Oe was stirred until the millivoltmeter showed a steady reading (from 2 to 15 minutes), and a further 
1 ml of titrant was then added. A single titration took about 2 hours. ret igdizat x) 
of their sodium salts hindered the titration of many of the weakest phenols, 
Nagy catechol and hydroquinone. However, when 2:6-xylenol was added, the precipitation no 
longer affected the sharpness of the finmalend-point. 
> In tests on low-temperature tars (generally esantiened to contain catechol! in addition to simple 
_ monohydric phenols) only one end-point was discernible. Its significance was determined by 
titrating catechol, hydroquinone and resorcinol singly and mixed with 2:6-xylenol. Single 
- sharp inflexions, at the calculated values for total phenolic hydroxy! content, were obtained for the 
three mixtures, but the titration curves for the individual dihydroxybenzenes were unsatisfactory 
a. +: (See Fig. 1). Determinations based on the e Single in inflexions obtained when tar acids were titrated 
4 aN would therefore include the dihydroxybenzenes together with phenol | and cresols, and it would 
‘a seem that the total acidic hydrogen of the polyhydric phenols was titrated with the phenol at 

ed. 
The titration curves for two selected dihydroxynaphthalenes in admixture with 2:6- 1 
each had one sharp inflexion corresponding closely to the theoretical amount of total phenolic 
et _ hydroxyl present. The apparent levelling effect of 2:6- -xylenol on the titration curve for poly- 
ry — hydric hydroxylic groupings was most marked with these dihydroxynaphthalenes, as in absence of 
4 a xylenol each hydroxyl group could be titrated separately, sharp inflexions being obtained. se a ae 
a The five hydroxyquinones of naphthalene and anthracene : shown below were examined to 


determine whether or not between the quinone and a groups.» 


& 


: ‘titration: alone, ‘approximately 50 per cent. of the phenolic hydroxyl was found to react; with 
2: 6-xylenol, the titration curve had a weak but almost theoretically correct inflexion for r total | 
phenolic hydroxyl content. The dihydroxyanthraquinones gave sharp final « end- 
Titration curves for saligenin, 2-naphthyl acetate : and pyrogallol had one inflexion with 2:6- 


+ aminolysis to form 2-naphthol and the amide (presumably of ethylenediamine’), and the three 
hydroxylic groups of the polyhydric phenol titrated as one. 
titration curve for a mixture of 2: 6-xylenol, catechol, 1: 5- dihydroxynaphthalene and 
; a: 8-dihydroxyanthraquinone had one sharp inflexion at the theoretically required point. —_ 
sid In Table I, the equivalent weights of certain phenolic compounds determined by titration in 
admixture with 2:6-xylenol are compared with the theoretical values; the results indicate the 
_ value of the method for determining total phenolic hydroxyl. Some typical titration curves are 


ee ee Neither carbazole t nor indole can be titr tated in 1 pyridine when : antimony electrodes are used, 


‘. fe hag even in presence of 2: 6-xylenol. . Separate weak inflexions for both 2: 6-xylenol and carbazole 
7 
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_ The alcoholic hydroxyl of saligenin was unaffected, the phenolic ester underwent | a. 
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The were stock and were used without further Purification 
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5 equivalent 
Gatechol 

$-Dihydroxynaphthaiene 

2-Hydroxy-1:4-naphthaquinone 

5: 8-Dihydroxy-1: 4-naphthaquinone 

1;4-Dihydroxyanthraquinone 

1: 
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aminoethoxide, mi Fig. 2. Typical titration curves 
resorcinol, both individually 2: curve C, 1:5- 
and with addition of 2:6-— dihydroxynaphthalene plus 2:6- 
xylenol: curve A, hydro —_xylenol; curve D, pyrogallol plus 
quinone 2: 6-xylenol; 2:6-xylenol; curve E, 2- Phydroxy- 
curve B, hydroquinone; curve 4-naphthaquinone plus 2: 6- 
curve D, catechol; curve E, 
Tesorcinol plus 2: 6-xylenol; 
Be end-points are re indicated 
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After the foregoing experimental work had bee been complete ‘ of Walker, , Henry 


sodium pet molecule, and t the titration curve had a inflexion 3, 
‘ 


i 


i 


ume of 0-2 N sodium 
Fig. Titration 
curves simpl | 
quinones: curve A, 1: 
maphthaquinone plus 
B,acenaphthenequinone 
2:6-xylenol; curve 
2:6-xyloquinone; 
xylenol 
and appeared to be weakly the titration 
+ curves for these substances mixed with 2: 6-xylenol had single weak inflexions (see Fig. 3, curves — 
A and B), the quinone requiring approximately 0-6 equivalent of sodium amino- 
Phenanthraquinone gave a titration curve without inflexi inflexions, and 1 anthraquinone and 1: 1;2- 
."e ‘The apparent titration of the more reactive quinones must be ascribed to chemical reaction 
; with the titrant. Quinones of the benzene series are known to react with aqueous alkali in the 
. er _ absence of substituents having steric effects ; phenanthraquinone undergoes rearrangement to 
| -hydroxyfluorene- 9-carboxylic acid, and acenaphthenequinone forms 7 ; 8-naphthaldehydic acid in 
' aqueous alkali. Similar changes appear to occur during the addition of sodium aminoethoxide in 
the non- a orem, and titrant is consumed although the original quinones have no acidic F 


_ The titration eae decal has been applied to some hundreds of samples of coal tars — 


a and pitches by the Coal Research Section of C.S.I.R. O., and the results have been used to establish 
_ the polar nature of the less-soluble fractions of coal tars and pitches and so to provide further f 
evidence that ‘molecular — association. 1 may largely determine the physical p properties of ‘pitch? 
The could be used in routine analysis « of the normal alkali- soluble 
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q 
suitable fo for determining both m monohydric and polyhydric phenolic hydroxyl i in coal tar and pitch. . 
The proportions of quinones hat a are reactive to alkali \ would be insufficient to affect markedly th 
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THE USE OF GAS CHROMATOGRAPHY FOR DETERMINING 


A ‘METHOD has recently been described for determining chloroform in aqueous ‘samples: by gas 
chromatography. 1 During the development and operation of the method it was noted that the — 
amount of tailing of the water peak was not so great as might be expected for the size of sample _ 
and its high water content. It therefore seemed likely that chromatographic conditions might 

be chosen so as to give reasonably symmetrical and sharp water peaks that could be used for’ 

_ quantitative determination. If this were so, then the apparatus used for determining chloroform 
might also be used for determining water in samples such as pastes, ointments, creams and emul- _ 
sions, particularly as an essential feature of the equipment is a special injection system designed to rig 
‘prevent non-volatile materials from reaching the chromatographic column. Such a procedure 


q ones or r by the Karl Fischer titration method. be The former requires ‘considerable c care and 
_ attention during operation, particularly when frothing or other adverse effects occur, whereas the 
latter has the disadvantage of requiring objectionable reagents and is only applicable to materials _ 
that do not react with the reagents. The gas-chromatographic procedure, however, is simple, 


direct and rapid; it needs only small amounts of sample and has been shown to give good repro- 
ducibility and agreement with chemical analyses. 


Because of the difficulty of always transferring an exactly reproducible amount of sample to i 
the column, an 1 internal- standard procedure has has been adopted; this procedure also compensates for all ans 


| any y slight changes i in conditions that might occ occur from day today. As it has proved possible to x 
choose conditions giving sharp and reasonably symmetrical water peaks and as these standard 
| conditions can be generally maintained, it is possible to use peak heights tather than areas for 


wae _ Lower alcohols are frequently present in many of the samples, so that their use as an — 
internal standard is precluded, and higher alcohols give broad peaks unsuitable for peak-height od 


measurements. able I: I shows duplicate results of ratios fo for of water from 


Ra OF PEAK HEIGHTS OF WATER AND "-PENTANOL AT DIFFERENT 
% Ratio of peak heights 
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ocedure taking about 10 minutes. 


‘ ~ Standard ‘tolutions containing 0-5, 1-0, 1-5 ond 2-0 per cent. of water and 2-0 per cent. of 

ae mn vesiai are prepared in acetone. The samples are shaken vigorously with acetone, diluted as 

Eee _ ‘Recessary and 2-0 per cent. of n- pentanol are added. Standards and samples are examined by 
- using the equipment previously described,} and a calibration curve is drawn by plotting the ratio 

of peak heights against percentage of water. The calibration curve does not pass through the 

a origin because of the presence of a small amount of water in the acetone, , which is B.P. grade 


dried fo for several days: by standin over calcium chlorid 


Column length—5 feet. ‘gi 


bee Carrier gas—Hydrogen - nitrogen mixture (4 + 1) at flow rate of 100 ml per ae ~/ 
Flash-heater temperature—150°C. 
_ Detector—Thermal-conductivity cell with platinum wires 4 inches long and 0-001 ‘inch thick; 
pone sigan } nominal resistance 25 ohms, the wires in the two eapcaens being matched to within 
Brown with 2-5- mV full scale deflection and chart of 12 inches 


bow Retention volume (water)—225 ml. act yd. 


*Table II shows the results for a samples compared with those 
oF c (CHEMICAL AND GAS- “CHROMATOGRAPHIC RES 
y | | it 


Sulphathiazole ointment .. 
woolfat .. .. 


pete 
‘Hair cream 


Hair shamr 


0-5 to 2-0 per cent. and 2 per cent. of m-pentanol. The agreement between duplicates is good and, 
within the accuracy of the method, the peak-height ratio is linearly related to the concentration 
ty i= = of water. Slight variations in the slope of the calibration curve occur from day to day, but in tine 
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‘s parts per million and at reasonable rates of sampling. The stains tend to penetrate the paper Be: 


| is necessary, other than dissolution in acetone and the addition of n- —— as internal stand- 


3 ard. _ A calibration method by peak-height measurement is ; possible, as the conditions used give 


sharp and reasonably symmetrical peaks. Good ‘reproducibility and agreement > wi 
We thank Mr. C. B. Baines for his help in obtaining the quoted: 


ealey, D.A., and Proctor, K. A., Analyst, 1950, 84, 221. 
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EVERAL tests based. on on test papers with ; p- dimethyl. 
‘aminobenzaldehyde together with diphenylamine,? -dimethylaniline*. or N- ethyl-N- -2-hydroxy- 

_ ethylaniline and diethyl phthalate‘ have been proposed for the detection of small amounts of 3 
phosgene in air. In these tests, absorption of phosgene is incomplete at concentrations of a few — ane 


i. 


and to appear on the other side. Strictly controlled sampling conditions are therefore necessary 

. to obtain quantitative results. This drawback, together with inadequate sensitivity and the tran- — 
sience of the stains, reduces the value of these tests from the quantitative, as distinct from the it} ; 


Brown, Wilzbach and Ballweber® suggested the use of papers impregnated with a mixture ad 
at 4- -p-nitrobenzylpyridine, N-benzylaniline and sodium carbonate for detecting phosgene, the ed 
< intensity of the colour produced being. determined by photometric measurement of the optical “ 

a transmittance. These reagents were incorporated with inert fillers and binders to form detector _ q 


_ crayons by Witten and Prostak.*.” Marks made on suitable surfaces by these crayons change > fe 


absorb phosgene from the atmosphere and determined the concentration of phosgene by spectro- 


on contact phosgene. Lamouroux used solutions of 4-p-nitrobenzylpyridine to 


é measurement of the colour intensity of the resulting liquor. 
‘We have now re-examined the replacement of dimethylaminobenzaldehyde by nitrobenzyl- 
pyridine for use in conjunction with an amine as a field test for phosgene. ew as eae” 


= Immerse 1-inch wide strips of Whatman No. 1 filter- -paper in a solution containing 2 per 


4 cent. w/v of 4-p-nitrobenzylpyridine® 2 and 4 per cent. w/v of N-benzylaniline in benzene. Remove 


the strips, and alloy w to drain and to ) dry in air. Place the test paper in a holder that exposes a: oe 
- circle of paper 1 cm in diameter, and draw 120 ml of air through the paper at a rate not exceeding _ f a 
. _ if phosgene is present with standard stains representing 0-25, 0-5, 1, 2, 5 and 10 p.p.m. of aoe fl 

in a 120-ml sample or with Lovibond glass colour standards (obtainable from Tintometer Ltd., 


2 ¢  3ml per second by means of a rubber-bulb hand aspirator. Compare the red stain that appears 


. If traces of chlorine are present, pret, on the inlet side of the test paper, a paper ius I has ie oy? 


been previously soaked in an aqueous solution containing 4 per cent. w/v of sodium iodide and 
10 per cent. w/v of sodium thiosulphate and then dried. This paper will also remove small amounts 
| of hydrogen chloride, | but the test paper is not affected l by | less t than about 500 p.p.m. ‘of t this gas. 


The vapour of acetyl chloride, if present in appreciable amounts, will reduce the intensity — 
of the stain, e.g., 30 p.p.m. of acetyl chloride vapour will reduce by one half the intensity of ae 
stain obtained from 0-5 p.p.m. of phosgene, and 140 p.p.m. of acetyl chloride will almost com- 
BP sores suppress the stain. Benzoyl chloride vapour will produce a transient stain, ¢.g., a concen- eh 
of 100 P. Pa m. yields 2 an orange stain of colour intensity t that t produced by 0- 5 to 
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‘lp. m, of phosgene, t but in presence of 3 p. px m. ‘chloride on! a 
_ stain is obtained. If benzoyl chloride and phosgene ‘are present together, however, the colour 
‘produced | by ‘bensoyl chloride vapour fades after 3 minutes and leaves the phosgene stain un- 


te _ The presence of benzyl chloride, trichloroethylene or chloroform i in concentrations" up  : 


to 300 p.p.m. appears to have no effect on phosgene stains. 


deterioration in efficiency of the reagent solution or of the grepesed test papers was detected 
proposed test has several advantages over tests in which 
is used3#34 It is much more sensitive; an atmosphere containing 0-25 p.p.m. of phosgene 2 
_ Produces a satisfactory colour on the specified test papers, whereas no colour, or a scarcely dis- 
- cernible colour, is produced when similar-sized papers based on p-dimethylaminobenzaldehyde i 
are used. The stains are produced a wholly on the of test nae do not 
‘This work was carried out on behalf of Tests fox Toxic Substances in 
and the Ministry of Labour and National Service. We thank the Government Chemist for 


ei _ Concentrations of up to 10 p.p.m. of phosgene can be determined with reasonable accuracy. 13 ie 
No 


1. DS.LR., “Methods for the Detection of Toxic ane in Industry, Leaflet No. 8: Phosgene, ” HM. 
2. Mouren, H., Chovin, P., and Truffert, Compt. Rend., 1949, 228, 1954. 
=o Hayashi, M., Okazaki, M., and Shinohara, Z., J. Soc. Org. Syn. Chem. Japan, 1954, 12, 273. _ 
Liddell, H. F., Analyst, 1957,82,875. 
-& »~=- Brown, W. G., Wilzbach, K. E., and Ballweber, E. G., Library of Congress, PB No. 5945, September, 
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Tschitschibabin, A. E., Kuindshi, B. M., and Benewolenskaja, S. W., ‘Ber., 1925, 58, 1580 ot 
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THE EXTRACTION OF PIGMENTS FROM PLANT 


recently. published onograph* there is described | a the 


Panel of the Methods Committee of the Society for Analytical 


‘sna a few milligrams of quinol are added and then about 5 sil of acetone. The material is care- 
fully ground in the beaker. About 5 ml of light | petroleum, boiling 1 range 40° to 60° C, are added. 

; ‘One minute or so is allowed for particles to settle; when several samples a are treated concurrently, 

: pa first has settled by the time the light petroleum is added to the last. _ The solution is then de- 
= a into a layer of light petroleum on a half-saturated aqueous solution of ammonium sulphate 
s a separator. The residue is ground thoroughly, acetone is added and then light petroleum, and 


the extract is decanted. The extraction and decantation are repeated as necessary. After the 


second extraction, the grist is kept damp by adding a few drops of water between extractions. © fe 


When the pigment has all been extracted, the combined extracts are washed with water by means 
Re of an automatic arrangement and the remainder of the procedure is carried out as described before. 
Solvents are conveniently added" to beaker 
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en a ground with quartz under a mixture of light petroleum, acetone and quinol. ‘Two small changes | 7 
syd ae in the procedure now make it possible to extract the pigments even more quickly than hitherto. | 4 
* 
3 


= _ However, acetone extracts cannot safely be decanted, because particles of grist remain 

suspended. Particles settle from light petroleum, but this solvent is ineffective. for quantitative 
——— of fresh plant material, probably | because it does not dissociate the pigment from com 

_ bination with protein. The proposed procedure exploits the advantages of each solvent in turn 
Pigments are required in light petroleum for chromatography ; acetone must therefore be 
_ removed. This is usually done by washing with water in a separating funnel from which leakage of — 

_ solution through the tap is prevented by sealing with water. If an acetone - light petroleum solu- _ 
‘ tion of pigments is poured into this water, a colloidal solution may be produced, from which a 

i pigments cannot be extracted. The use of ammonium sulphate solution avoids this source of loss. 

§ 7 The proposed procedure has been used for extracting carotenoid esters, carotene, carotenols, — 
tocopherols an: and other biological's substances from lea es, parts of 


Analytical Methods Aoi ll “The Determination of Carotene i in Green-Leaf Material,” Analys 


Umvansity OF CAMBRIDGE AND MEDICAL RESEARCH Counc, Received 29th, 1959 


PuBLISHED methods for the of benzoic acid in soft are generally too time- 


consuming to be suitable for serial determinations for works control purposes. Existing methods © se ce 


: depend on extraction with an organic solvent, such as chloroform! or ether,? and a double extraction ma 
a is sometimes necessary to obtain benzoic acid in a etticlentiy pure state for subsequent determina- ¥ 
a a ‘The increasing use of benzoic acid as a preservative in soft drinks makes desirable a rapid = 
=" method for its determination for works control purposes. A high degree of accuracy is not so — 
: important, as often what is required is the > knowledge that benzoic acid has been added to a par- eA 
4 ticular batch, or that it is not present in excess of the legal limit, rather than an exact assessment of a 
¥ - _It has been found that the amount of benzoic acid present in a concentrate or soft drink can 
_ be determined to within approximately 10 per cent. simply by diluting with water, filtering ond 
a measuring the optical density of the filtrate at 230 mp with an ultra-violet spectrophotometer, | 
another portion of the same batch of material without benzoic acid being used as blank. Without ne 
: automatic aids, six determinations could be made in 1 hour, and it is estimated that, by “ ae 
tae the gl one operator could if necessary carry out at least one hundred determination 
Dilute t the of squash, etc. with water to give an concentration of 


density in a 2-cm cell at 230 my with an ultra-violet spectrophotometer. Use as blank another 
_ portion of the same batch of compound, squash, etc., ) containing no benzoic acid, aiated to the same be 
Measure the optical density of a prepared sample of compound, squash, etc. containing a known > 
| snomears of b benzoic acid , and calculate the benzoic acid content of oe original sample from the 
f _ expression ax/y, in which a is the concentration of. benzoic acid in the prepared sample (parts per 
a - million), * is the cannons density of the original sample and y is the optical density of the prepared 
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Different amounts of benzoic acid, as benzoate added to a sample of | the¢ 
 Comminuted Orange 2}-fold Compound, which would normally be preserved by the addition of = 
1500 p.p.m. of benzoic acid. A sample containing 1500 p.p.m. of benzoic acid was taken as refer- +. 2s 
Benzoie acid added, pp p.m. ‘1100 700 300 150° ‘ 


a 4t should be emphasised that a known benzoic acid concentration in the compound, squash, % | infor 


i aes being analysed must be used as reference standard, as it has been found that not t only does | Asa 
ae the diluted sample hz have a a characteristic absorption of of its own at 230 ma, bt but it also has a an influence smal 


on the absorption of benzoic acid ‘itself at this wavelength, a! as compared with its a 


Gas 
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‘Nicholls, J. R, “Aids the of Food ond Drugs,” Seventh Edition, Bailliére, Tindall 


66, VictoRIA STREET 
Lonpon, S.W.1 


B.D.H: Book or -Orcanic REAGENTS. ‘Tenth Edition. Pp. vi- 182. Poole, Dorset: 
The British Drug Houses Ltd., B.D.H. Laboratory Chemicals Division. 1958. Price 18s. 


‘This book deals with forty-eight reagents that are used for the detection or | or determination of 
elements and, in a few instances, of organic compounds. Each reagent is accompanied by a 
va description of its properties and uses, with details of quantitative methods to which it can be |] 


-Spplied; a list of references is appended. 
When one considers that the number of new reagents occurring in publientionts abstracted in end 
Analytical Abstracts is well over 100 in a single year and that many of these are claimed to be [ in‘ 
- improvements on those commonly used, it is surprising that many of those mentioned in this book- ta 
have held their position for so long. Dimethylglyoxime, for instance, has been in use for over 50 [| pp 


ig - tas One wonders how many references to really valuable reagents are buried in the literature, ye j a 
perhaps because they are not available commercially. This raises the question as to how a new > e 
_ Teagent reaches the stage when the manufacturers think it worth while to put it on the market. 
Bo voce organisations such as the publishers of this book depend on tests carried out in their 
own laboratories and on demands from customers in reaching a decision ; they must also be influenced _ 
ie ae _ While recognising the valuable work done on new reagents in certain laboratories, such as 
‘that of Professor Feigl or the University of Birmingham, one wonders whether the Analytical _ 
_ Methods Committee of the Society for Analytical Chemistry might not perform a useful function in f 
examining the claims made for 
we, _ However this may be, this book is invaluable to analysts by providing them in a handy form 
useful information on the properties and uses of a number of well- tried Teagents. 
Norman E EVERS 


* ‘NEHER, Pp. viii + 100. Amsterdam, New York and Princeton: Elsevier Publishing Co.; 
D. . Van Nostrand Co. Ltd. 1958. Price 16s. tee 
As the title indicates, this publication is primarily intended for the steroid biochemist, but so 
wide i is its scope that it must inevitably become a vade mecum for all whose work touches the steroid — 
— their interest in chemical synthesin, or the analysis of natural 
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BOOK REVIEWS 


Chromatography: but many will prefer to have it available as this small booklet. ~ Most iepibts of 
the chromatography of steroids on reer rege and partition columns and also on paper chromato- 


grams are covered, approximately ha alf of the material being devoted to the > last-mentioned. a aoe 
‘emphasis of the work is on the practical side, extending from ‘the 


presented in a logical fashion that provides an excellent theoretical basis for the beginner. The — 
section dealing with the development and interpretation of paper chromatograms is comprehensive, — 
_} and for those whose knowledge of German is limited there is a unique collection of tabulated 
sh, | information about colour reactions, Rp and Rs values of many derivatives in partition systems. 


As a result of assembling so much i information in such limited space, the type is occasionally too a 
One hopes that the author can be persuaded to translate this excellent publication for the wide — ns 

field of English readers, but in the meanwhile this book in its present form remains an essential 
for allactive workersin the field. © ACE, 


Gas CHROMATOGRAPHY Edited by VINCENT Coates, ‘Henry 4 NogBets and IrvING 
+g aa FAGERSON. Pp. xii + 323. New York and London: Academic Press Inc. 1958. Price 


‘This book contains the proceedings (both presented papers and discussion) of a symposium — 


a coal chromatography held in Michigan State University in 1957 under the auspices of the Instru- 

oa ie | ment Society of America. _ _ The papers presented are under the usual three headings of theoretical — 

—_ } treatment, description of apparatus and application to specific analytical problems. _ By far the 

- - } most interesting and important paper is by Golay, in which he di describes the theoretical ar and - 
apparatus described includes units capable of operating at temperatures up to 500° C, 
“= large- -scale columns dealing with up to 10 g of material and commercial units for process analysis. a Z 
a Other papers deal with liquid sampling, integrators, selection of thermistors for katharometers — 


> g ) and a combustion device to enhance katharometer sensitivity. The applications range from a 
to heavy hydrocarbons, chlorofluoro-methanes and ethanes to glycols and ester-type plasticisers. 
ra J _ A. J. P. Martin has contributed an interesting historical survey of the work leading up tothe _ 
be ' develagmnent of gas - liquid chromatography, as well as ideas on the future of the any ge 
‘The book also contains an excellent bibliography, covering all papers published up to the © 
inf end of 1957, and an author index. This volume gives a reasonable cov oa: of American work - 


be and is well presented | and printed. fi 16. . JAMES ES 
50 PREPARATION OF ‘SINGLE CrYsTALs. By W. D. Lawson, B. Sc., and S. NIELSEN, B.Sc. , Ph.D. 
| y aoe Pp. viii + 255. London: Butterworths Scientific Publications; New York: Academic Press 


| At first sight no review of a book with this title might be expected in a journal devoted 


analytical chemistry. ‘This book,” the authors state in their preface, ‘‘attempts to bring together 
od _ information on the purification of materials and on the preparation and growth of single crystals = a 
having special reference to semi-conductors.”” Even if the authors had confined themselves to 
on - | this the analyst is involved, for, in essence, classical analytical techniques are concerned with the o. 
: preparation of pure and stoicheiometric materials. They should therefore be aware of the astound- 


- ing achievements of recent years in the preparation of materials pure enough to satisfy the require- — 


"ments of semi-conductor theory and practice. _ The organic chemist has already made good use of 
a zone- ‘refining technique, and analytical Teagents can also benefit. edt 
[a It is on another count, however, that s some mention of this book is justifiable. sa Chapter 6 is 
headed “The Chemical Analysis of Semi-Conductors.” In this by implication the authors os ll 
“draw attention to the present dilemma; estimates of the nature and 


efficient, and they concede that the validity of these estimates is open to doubt. On the other 
f, hand the analyst is as yet unable to supply many of the answers. The achievements of the “solid — 
state” ’ physicist compel admiration, and they carry an exciting stimulus and a challenge to the SS 


a “The authors would have done well to throw down the challenge and to leave it at that; instead 
they have sought to outline all the potentialities and possibilities of modern analytical techniques pi: 


in 16 Pages. . Iti is not clear inform such a superficial and unauthoritative 
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BOOK REVIEWS 


; they e failed to irritate analysts who 


y pr 
_ problems. __A glance at the half- -page sections devoted to colorimetric analysis and flame ghoto- 
_ metry will demonstrate the extent of their analytical ignorance and show how they have perhaps 


ae: themselves open to a charge of scientific arrogance. The modern analyst will always be ready | 


to use, where appropriate, physical measurements in place of those of mass and volume on which 
i the craft was nourished, but the “solid state” physicist will do well to realise that analysis and 
- m measurement are seldom synonymous and that | there is sometimes justification fo for the old saying 
—let ‘the cobbler stick to his last. R. C, CHIRNSIDE. 


GENERAL _ BIOCHEMISTRY. By S. FRUTON and Soria SIMMONDS. Second Edition. 
xii + 1078. “New York: Wiley and Inc. ; London: Chapman a and Hall 


et = 


: When reviewing the first edition of this imposing tome—now 4cm x 15cm x 23-5cm in 


- size and weighing over 1-6 kilos—I wrote (Analyst, 1954, 79, 112) “I have been able to find few | 


faults with this book. This may, I hope, be taken as evidence that there are few faults to be found 

_ Just the same may be. said _ about the | second edition with its 128 more pages. = The 

e text, ‘moreover, a ppears to have been completely | re-set in slightly bolder and fractionally larger 

oa type that makes for yet greater ease of reading, but reduces by little the 14 per cent. increase in 
- length indicated by the number of additional pages, 


: 


p It would be profitless even to attempt here to list the sadn in n experimental achievement 
ban and resultant knowledge that have made this increase imperative. Naturally they include the 
_ complete structure of cyanocobalamin (vitamin B,,), the Nobel prize-winning work of Sanger and 

st his colleagues whereby we can now set down the complete amino acid sequence and arrangement 

_ in the insulin molecule and the hardly less brilliant achievement of du Vigneaud’s team at Cornell 

in making the same thin ible for the pol tide hormones of th itui land, 

' ‘Indeed; though every chapter of the 39 in this book registers some more or less spectacular 


advance, it is perhaps the one on Structure of Proteins that bears clearest ‘witness to the "progress 


_ Other examples, from other er chapters, will be found by the large numbers of readers that this 
— deserves. To cite one only, the single reference and two paragraphs devoted to lipoic acid 


= the first edition have given place to seven references and a correspondingly larger portion of the 


more information on the | 


- Five years is no longer a big span in the life history of Shininialidil, which may ‘joaie’ Wiisa 

we at least 50 years old, yet the advances made during this last 5 years would do credit to a much 

* younger branch of science. That is why the authors of this admirable textbook are particularly 


a = ‘a be commended for having kept it up- -to-date with less than a 165 per cent. increase in length. ” 


_ The cynic may, however, observe that with this has gone an 80 per cent. increase in price, justified 
doubtless on the ground that we have here, in spite of its description, what is virtually a first edition 
2 2 of a new textbook, albeit ona subject that has suffered more than most from a plethora of en. 


level treatise as enlightening to the non-biochemist as it can be diurnally helpful to the practising 


‘biochemist. It is to the latter kind of book that this one belongs, and I consider it the best of the 
_ group in the English language. True, it’s now pretty expensive even judged by contemporary 


o, res book prices ; all the same I can confidently advise any analyst who is brought into even occasional 


Be Sikes = contact with biochemical problems to unload. on to the second-hand market all the biochemical 


04 extbooks « at present on his shelf (including the first edition 1 of this one) and put whatever financial 
4 resources accrue from this action towards buying the new “‘Fruton and Simmonds,” for sooner or 
later he'll find that he can’t afford to eye without it. When he has it, he won't need any other. — 


NALYSIS OF AND RELATED SOLUTIONS, By KENNETH E. LANGFORD. Second 


__ The author of this book is well known for his thoughtful and constructive approach to the 


Problems o of control in the sactenpinties industry, an SE: that i in the past has been. notorious 
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BOOK 


for its -relucta ce to co that the ‘problems even e 

received on its appearance in 1951, contained methods of analysis for almost all plating solutions - 

and also gave valuable information on the composition and maintenance of alkaline cleaners and __ 
of numerous etches, pickles and dips, which, as the author remarks, invariably receive less attention _ 
than the plating perenne —— The approach i is to the plating foreman and chemist rather 


are given ven throughout the book of the involved in described. This second 
f a _ edition contains all the material of the first with an additional 40 pages of new matter, 
_ EDTA was recommended in the first edition for the determination of water hardness, and — 
"methods are now given for the use of this reagent in determining zinc, cadmium, nickel and cobalt — 
in plating solutions. Also included are the volumetric determination of fluoride in chromium- 
‘Tosi, 76 solutions and the determination of phosphate in cleaning solutions with quinoline (A walyst, be oe 


FY 


description ¢ of ‘the of ‘the ‘measurement of . All now material adds to the 


well have been expanded. 
for 7 of these chemicals, particularly as these all include methods of analysis. _ 
" _ A criticism of the first edition that the methods given for the determination of impurities in % 
"several plating solutions are not sufficiently sensitive (some are indeed only qualitative) is still — 
a valid, though references are given to a number of published papers on more sensitive methods. _ Fe 
a a book is well produced and contains few ‘misprints. One that has" pea carried over — 


CHROMATOGRAPHISCHE METHODEN IN DER PREPARATIVEN ANORGANISCHEN 

_ CHEMIE UNTER BESONDERER BERUCKSICHTIGUNG DER IONENAUSTAUSCHER. 2 By Priv.-Doz. — 

as Dr. Ing. Ewatp Brastus. Pp. xx + 370. Stuttgart: Ferdinand Enke ‘Verlag. ina 

Price (paper) DM 96; (Cloth boards) DM99. as 

<_— The author has been most systematic in his approach toa . subject : that others hav 


treat in an unselective manner. After an introductory chapter, the remaining nine chapters of the 
_ book deal with theoretical and practical aspects of ion exchange, , paper chromatography, chromato- | 
graphy on miscellaneous adsorbents, electrophoresis and the use of ion-exchange membranes. 
The author has achieved a good balance between basic concepts, which are fully treated, and cs 
mass of experimental data on particular separations, which have been well summarised in smaller 
print and are obviously based on a thorough survey of the large mass of scientific literature on | 
this subject. In the section dealing with 1 paper chromatography, a table of some 29 pages presents _ 
fully and clearly ‘a survey ¢ of the separations that have been achieved by ‘inorgani paper chromato- 
a graphy. — In all but a few special instances, no : attempt is made to give numerical Ry vi 
, ‘iaaeeied: the order of movement is given. This is perhaps a more practical method of presentation 
ES than is sometimes used, since individual techniques used by different workers often lead to varia- 
; wy tions in numerical Ry values, even in what is apparently the same system. Although attention is p 
_ drawn to the many factors that influence separation patterns achieved with the more complex 
_ solvents sometimes used in inorganic chromatography, by the presentation of a complete but = 
A much summarised survey, it is to be regretted that no attempt has heen. made to put into per- 
- all these ee some of which achieve greater prominence in the literature than in 
they deserve. authoritative appreciation of this subject is badly needed. 


139 il illustrations and diagrams are particularly clear and well presented. A 

ist of literature references is given. at ' the end of each chapter. It is to be hoped that someone £8 

vill find the necessary time and enthusiasm to o provide an an English translation of this al b 


and CLYDE WALTER Mason, A. B., Ph.D. bis Third Edition. . Pp. xii + 502. _ New ‘York: 


A. _ John Wiley & Sons Inc.; London: Chapman and Hall Ltd. 1958. Price $14.00; 112s, 


‘With the rapidly expanding field of instrumentation available for the detection and deter- a 
minati ion of small of ‘substances, the of the microscope in in the « field tends 
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to | of this latest edition of of and Maeon’s that 

cH _ there is probably no physical instrument with such a wide range of usefulness as a well-equipped | 

re ‘This volume, the third edition of what is now recognised as a standard work, has Deen 

_ thoroughly revised since its last appearance in 1938. The first half of the text is devoted to a 
Sear of the microscope and its accessories, the methods of illumination of transparent and — 

S - opaque objects, the preparation of materials for microscopical study and special methods. for 
of physical properties. Then come ‘chapters on ultramicroscopy, photomicrography, } 
electron microscopy, the polarising microscope, determination refractive indices, chemical 
erystallography, microscopical measurements, particle-s size determinations and "quantitative 
analyse of heterogeneous mixtures. Thus a very wide field has been covered ; a full list 


i of microscopy elsewhere. Some special features include electron microscopy for the non- practitioner, 
ar optics of illumination, including phase contrast and vertical illumination, and the interpretation of 
eS the geometric shapes of crystals with their relationship to optical properties. 8 sit 
oo The text is thoroughly up-to-date, including references as recent as the middle of 1958. The 
4 __ references themselves are numerous and obviously little of value has been missed; nevertheless, it 
- _ ¢ was noticed that considering the value of the various techniques developed by Wallis for the 
Eas quantitative analysis of powdered drugs, little space has been devoted to this work . The index is 
a tetee' The lay-out of the text is excellent and the ae instructions, s, printed i in smaller type, < are 


a ape from the valuable information given throughout the text, the book is very aie, 

in spite of the, to the British reader, maltreatment of the English language with such words as — 
‘rendition” and ‘‘visualization”’ to a greater extent than usual in American text. This production : 

can be. recommended for shelves of all practising chemists. Dac. GARRATT 


. IN BIOCHEMISTRY AND PHARMACY. By Brezina and 
Pp. xviii + 862. New York and London: Publishers Inc., -:1958. Price 


_ This English translation of Brezina and Zuman’s s monograph on the application of a 
ae in 5 medicine, biochemistry and pharmacy will be welcomed by a wide circle of polarographers in the 
Wan western world. The original Czech text, which appeared in 1952, was, despite the baffling language 


barrier, "appreciated in this country | for its comprehensive and valuable lists of 


ale Since there are several reliable texts in English on the theory and practice of ee 


_ devoted the entire volume to the applications of polarographic analysis i in the biological sciences. 7 
The result is probably the ‘most ‘detailed i and carefully documented b book on a single aspect of 


_ polarography that | has yet appeared. _ Whereas: the ground covered is much the same as that in ‘oll 
2" relevant sections | of Kolthoff and Lingane’s (Interscience, 1952) and Milner’s books (Longmans, 
1987), the authors of this book have been able to discuss the work in greater detail, so that a 
a polarographer can operate the various procedures without having to consult the original literature. 
_ The subject has been treated critically, and the authors have themselves tested f My. methods | 


is _ The authors have been fortunate with their translator. Professor S. Wawzonek of the Uni- 
dll of Iowa, who is the leader of an active school of organic polarography, has done his work 
me a so well that it is difficult to realise that we are reading a translation. A comparison of the present — 
_ volume with the original text reveals the vast amount of editing and rearranging that he has done. : 
‘, The Tables of polarographic data have been revised and expanded and the bibliography extended & 
to include Teferences { for 1954. Tt is, “nevertheless , unfortunate that it has n not been possible to to 
‘The book has been written for use in biochemical research laboratories, clinics and hospitals, : 
but one wonders how much of the detailed information given in this book will be used. For many 
of the analyses, more specific colorimetric or spectroscopic methods are available and in this country 
_ are used in preference to polarographic procedures. On the other hand, there is no doubt that 
_ polarography is being used routinely in Czechoslovakia and eastern Europe for many assays that 
are tackled — other methods in the West. 14 _ puages that a careful il perusal o of thi book by the 
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clinical laboratories will leaid to the rs being fr 
this Zuman and ‘Wawzonek will have been well rewarded. 


Baited by D. Hopeman, M. S., RoBert C 
Weast, Ph.D., and Samuet M. Setsy, Ph.D. Fortieth Edition. Pp. xxiv + 3456 
Cleveland, Ohio: Chemical Rubber Publishing Co. _ (Distributors in England: Blackwel 
Scientific | Publications Ltd., Oxford.) 1958. Price ‘$12.00; (100s, 


q Just because this handbook has run into so many editions, the time may be opportune for a 
brief survey of its scope. It is divided into sections, which may be described broadly as (i) mathe- 
matical, (ii) chemicals, (iii) general chemical tables and properties of matter, (iv) physics and (v) 
‘The first section, of 333 pages, contains the ordinary mathematical tables, e.g., logarithms (both © 
_ common and Napierian), trigonometrical functions, reciprocals and, in addition, much ot er matter 
he such as integrals, hyperbolic functions, statistical tables and trigonometrical formulae 


ae ‘The | section on chemicals accounts: for 0 over r one-third of ‘the book and is mostly a about the 


latter class that are of industrial importance. The data supplied are generally sound; indeed 

one not infrequently sees this work cited as an authoritative source. It would, however, be sur 
prising if an occasional error did not creep in, for one reason or another. It will suffice to mention ; 
that the refractive index given for 2-phenylethylamine- is obviously much too high, and that — . 
for benzyl acetate is also on the high side; on the latter, it is only fair to. add that it isa ae 


said in 1884 will not stand comparison with modern values. This section also includes a formula 3 


— lists of melting- and boiling- points (somewhat exasperating to use, th tho ough understandably 


so), a table of isotopes and data on oils, resins, minerals, alloys and plastics. Ce 3h, ar 

_ The general chemical section includes reagents and indicators, solubility data, amino acids, - 
steroid hormones, vitamins, gravimetric factors, thermodynamic constants, densities of aqueous a2 
_ solutions, surface tension and viscosity. The physics section covers heat, hygrometry, electricity, _ : 
magnetism and light; sound is pianissimo. _ The major items here are specific heats, vapour pres- — 
sures, steam tables, dielectrics, X-ray data and emission spectra. The miscellaneous section gives : 
_ definitions, units and conversion factors, temperature conversion tables, laboratory recipes, photo- 
_ The topics selected for mention above represent only a small proportion of the total. In each L 
} edition, some revision in the light of improved modern data is made; among the new items incor-_ 

- porated i in this ; edition are | chelating agents, ion-exchange resins, physical constants of rare-earth : 

- compounds and of inorganic hydrides: and thermodynamic properties of elements and oxides. 
_ It is fair to say that there is something here for everybody, but that no one person would need | 
i The use of a thin but reasonably ree sy paper has allowed the 3500-odd pages to be compressed 

into occupying but little over 2} inches of shelf- bat ‘opeay ne than, e B the 37th edition 


at nominal increase of 300 pages. 


R. I. Cc. Third London: Ernest Benn Ltd. 1959. Price | 84s 4s. 


S and laboratory preparation. The emphasis throughout is on chemical structure and the processe 
of f synthesis upon w which ‘manufacture is based. a5 For drugs 1 that are ‘Still i isolated from natural 


By and their syntheses, when have been achieved. 


accordance with therapeutic action (hypnotics, tranquillisers, antihistamines, etc.) and the 
by their group names, such as ergot alkaloids, glycosidal drugs and steroid hormones. 


‘In the preface to the first edition it is stated that “methods of analysis have been excluded ; 
and, this is still true, there are a few — such 
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_ Tovall who deal with drugs this fuliy documented volume is useful, because it presents aide? 
“tion that, quite often, would otherwise be troublesome to find. Further, there is much reading of 
considerable interest, and the chapters on non-steroid hormones (63 references), antibiotics (93 

be references) and vitamins (199 references) appealed to the reviewer as being particularly well 
_ planned. - Having written this book the authors had good reason to congratulate themselves, but, 

: ah as though not satisfied, they put yet more hard work into the preparation of te useful Appendix | 

giving the official or approved name with 978 corresponding qoapelsteny: and chemical ame e of 

approximately | 550 drugs, and Appendix I 


. River POLLUTION: 1, CHEMICAL ANALYSIS. By Louis KLEIN, M.Sc., Ph. D. F. R.L.C., M. Inst.S. S. Fe “4 
Pp. x + + 206. Butterworths "Publications. 1959. 69. Price Os, 


London: 

SrawpaRps ‘Yeasnoon 1959. Pp. iv + 542. I London: British Standards 

"THEORETICAL ORGANIC CHEMISTRY. Papers presented to ‘the ‘Kekulé Symposium 

- the Chemical Society, London, September, 1958. Pp. xviii + 298. London: Butter- 

vot ete Scientific Publications for International Union of Pure and "Applied Chemistry 

DIFFERENTIAL THERMAL ANALYSIS” As To Burpine SCIENCE.  ByVv.s. RAMACHAN- 

and S. P. Gara. Pp. viii + Roorkee, India: Research 


Institute. 1959. Price Rs. 5. 00, rod 


PRECIPITATION FROM HoMoGENEOUS By L. ‘SALUTSKY 


and Hopart H. Wittarp. Pp. viii + 188. t New York: John Wiley & Sons Inc.; London: | 


: THE CANCER ConTROVERSY. ‘By Sir Ronatp A. ‘Fiser, Sc.D., F.R.S. 


Edinburgh and London: Oliver & Boyd Ltd. 1959. Price 2s. 6d. | 
THE PRINCIPLES 0 or HuMANE EXPERIMENTAL TECHNIQUE. By W.M.S. Russet, M.A., D.Phil., 


R. L. Burcu. Pp. xiv + 238. London: Methuen & Co. Ltd. 1959. Price 30s. 
-PEADING GERMAN FOR SCIENTISTS. _ By Hans EIcHNER, B.A., Ph. D., and Hans Hern, B.A. 
. London: Chapman & Hall Ltd. 1959. Price 


ETHODS OF Volume VII. Edited by Davin Guick. Pp. x + 353. 
New York and London: Interscience Publishers Inc. 1959. Price $9.50; 72s. 


‘SourcE MATERIAL FoR RADIOCHEMISTRY. _ By the Subcommittee on Radiochemistry of the 
Committee on Nuclear Science. Pp. 24. Washington, D.C. C.; National. Academy of 
Nuclear Science Series, Report port Number 2 27. 


REPORTS OF THE ANALYTICAL: METHODS COMMITTEE: 
Two Reports prepared by the. Metallic Impurities in Organic Matter Sub- Committee, “ The k 
Determination of Lead,” reprinted from The Analyst, March 1959, 84, 127-134, and, “Notes 
s on Perchloric Acid and its Handling in Analytical Work,” reprinted from The ‘Analyst, 
= April 1959, 84, 214-216, are now available from the Secretar , The Society for Analytical 
i Bis Chemistry, 14 Belgrave Square, London, S.W.1; price to . members, Is. 6d. each; to non- 
Reports of the Analytical Methods Committee are only available from the Secretary 


general tests for alkaloids, the thalleioquin test for quinine 7 
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